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A METHOD FOR DETERMINING SMALL AMOUNTS OF GLUCOSE IN THE 
PRESENCE OF LARGE AMOUNTS OF LACTOSE 


I. Evstratova 


Chair of Antibiotic Technology of the Leningrad Institute of Pharmaceutical Chemistry 


The separate determination of glucose and lactose in mixtures is very difficult because oxidation of these 
sugars by alkaline copper solutions or other oxidizing mixtures proceeds in the same way and at the same time. 
For this reason all the sugars are often calculated as lactose or glucose, or the total sugar is determined by in- 
version. 


The conventional nature of this calculation is shown by the different reducing powers of the sugars toward 
oxidizing solutions, 


The quantitative determination of glucose in the presence of lactose is theoretically possible by using fer- 
mentation, if the conditions of fermentation are so chosen that fermentation of the other sugar is completely ex- 
cluded, 


A method for determination of small amounts of glucose in the presence of large amounts of maltose was 


described by Somogyi [1]. It was based on the fact that fermentation of maltose, as opposed to glucose, was com- 
pletely suppressed at pH 7,5-8 in the medium. Similar conditions could be found for a mixture of glucose and 
lactose, but the length of time required and the lack of accuracy in the results would limit the use of this method. 


Many investigators have tried to solve the problem of separate determination of glucose and maltose in mix- 
tures by chemical methods. Thus, Barfoed used a reagent consisting of a solution of copper acetate and acetic 
acid for this purpose [2], Legrand and Nattin [3] studied Barfoed's method and showed that when lactose and mal- 
tose are heated ,they are easily reduced by Barfoed's solution and the reduction increases with length of heating. 
Fleury and Tavernier [4] tricd to slow the reaction of maltose by adding scdium acetate to Barfoed's reagent, The 
most complete and careful study of Barfoed"s method was made by Braun and Bleyer [5] who concluded that it 
was theoretically possible to select a pH in the copper acetate solution at which maltose and lactose would not 


actually be oxidized, although they might undergo hydrolysis. They recommended oxidizing glucose only at a 
pH value close to 5.4. 


An experimental test of the method of Braun and Bleyer by Liubin and Lebedeva [6] showed that oxidation 
of lactose and maltose in solutions without glucose did actually occur, Analysis of a mixture of glucose and mal- 
tose gave contradictory results at different sugar concentrations, and so they concluded that quantitative deter- 
mination of glucose in the presence of maltose or lactose by the method of Braun and Bleyer was impossible, 
They proposed changing the composition of the oxidizing solution by adding sodium acetate of pH 8.14 to slow 
down the oxidation of maltose, This oxidizing solution gave good results when glucose was determined in mix- 
tures with maltose, but only when the glucose concentration was not greater than the maltose concentration, 


Tauber and Kleiner [7] suggested adding lactic acid as well as acetic acid to the Barfoed reagent. Accord- 
ing to these authors, reduction of this reagent by maltose did not occur even when it was present in high concen- 
tration and when boiling was prolonged, 


This short survey of studies on determination of glucose in the presence of lactose (or maltose) shows that 
the pH of the oxidizing mixture has a decisive effect on the analysis, Oxidation of sugars is slowed down by de- 


creased alkalinity of the alkaline copper solution, and the rate is slowed more for maltose and lactose than for 
glucose, 
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The reduction by lactose and maltose observed by Liubin and Lebedeva [6]with a starting pH of 5.4 was evi- 
dently due to a change in pH when the solution was boiled, due to the great volatility of acetic acid. 


The problem of this investigation was to study the reagent of Tauber and Kleiner [7] and work out a method 
for determining glucose (in concentrations of 0.5% or less) in the presence of large amounts of lactose (at concen- 
tration of 1.75%). 


EX PERIMENTAL 


Before beginning the study of the Tauber and Kleiner reagent we tested the possibility of adding some or- 
ganic acid to the oxidizing mixture for determining glucose in the presence of lactose. 


Experiments showed that lactic acid, suggested by Tauber and Kleiner, was actually the most suitable for 
adding to the mixture, since other acids — citric, succinic, tartaric, etc. — react with copper acetate to form the 
corresponding copper salts, and when the solution {s boiled they settle out as pale green precipitates, 


An experimental test of the Tauber-Kleiner reagent showed that it does not oxidize lactose only at concen~ 
trations below 0.5% and with1-min boiling. More concentrated lactose solutions oxidize to a considerable degree, 
When the time of boiling is increased to 3 min, only 0.1-0.2% lactose solutions do not oxidize, Thus it is clear 
that the development of a method for determining small amounts of glucose (0.5% or less) in the presence of much 
greater amounts of lactose (1.75%) is possible only by changing the composition of the oxidizing solution on the 
basis of a careful investigation. 


TABLE 1 


Behavior of Sugars with the Oxidizing Mixture, Depending on Its pH 


10% lactic 
acid in 


Cupric 

tate solution 

(48 g/liter) in 
ml 


Reduction of mixture very strong 
Reduction strong 

Reduction observed 

Reduction occurs 

Weak reduction 

Very weak reduction 

Reduction does not occur 

The same 


Such a solution must have a pH at which a 1.75% solution of lactose is not oxidized, and glucose at 0.5% or 
less is easily oxidized. 


The experiments were run as follows. 


20 ml of copper acetate solution was placed in a 150-ml flask (48 g/ liter) and a 10% lactic acid solution was 
added in amounts of 2,5-25% of the volume of copper acetate solution used, The pH of the resulting oxidizing mix- 
ture was determined and the behavior of glucose toward it (determined by quantitative precipitation of cuprous oxide 
according to Bertrand) and lactose (qualitatively) was established. Sugar solutions of the chosen concentrations were 
taken in amounts of 20 ml for each determination and were boiled in the flask with a reflux condenser for 10 min. 


Results are given in Table 1. 


As Table 1 shows, when 20 ml of copper acetate solution is treated with 3.5 ml of lactic acid (17.5% by 
volume), the pH of the oxidizing mixture is 4.84, and lactose is not oxidized at all, while glucose at a concentra- 
tion of 0.5% is oxidized only slightly, It requires 2.4 ml of 0.1 N permanganate solution. 


The period of boiling was increased to 30 min to increase the oxidation of glucose, The oxidation of lac- 
tose then increased. 


| 
pH of Behavior of sugar toward oxidizing mixture 
oxidizing glucose in ae 
ml mixture lactose ml 0.1 N : 
KMnO, 
20 0.5 5.22 14.8 
20) 1.0 5.10 12.5 
20 1.5 5.01 11.4 a 
20 2.0 4.97 10.2 
20 3.0 4.88 5.9 
20 3.5 4.84 2.4 
20 4.0 4.82 1.7 a 
20 4.5 4.80 0.5 iy 
20 5.0 4.75 | 0.4 


TABLE 2 


Oxidation of Glucose in the Absence of Lactose 
Amount of 0.1 N KMnO, used in 


% conc. of 
glucose in 


~ 


determination 


no, 


6.05 
5.60 
3.40 
4.60 
4.40 
3.80 


average 


6.08 
5.66 
4.60 
4,40 
3.80 


% conc, of 
glucose in 


Amount of 0.1 N KMnO, used 
___in titration, in ml 
determination no. 
average 


3.410 
2,40 
1.65 
1.15 
0.60 


0.39 


TABLE 3 


Oxidation of a Mixture of Lactose and Glucose 


%Conc, in the 


Amount of 0.1 N KMnO, 
studied sol’n 


% Conc, in | Amount of 0.1 N KMnQO, used 
sed in titration, in ml 


studied sol'n} jn titration, in ml 


t nation no. 
determinatio 


tose 


glu- 


average 
cose 


3.17 


a 
2.33 


0.50 | | 
1.8 
1.17 


0.45 

0.40 | 
0.35 | 
0.30 | 
0.25 | 


= > 
SS 


O04 14.75 AD 


0.73 
0.42 


Next, sodium acetate was added to the oxidizing mixture; this is known to increase the buffering power of 
the solution and to have an inhibiting action on oxidation of lactose, When the oxidizing mixture had the com- 


position, 20 ml copper acetate solution (48 g/liter), 3.5 ml of 10% lactic acid, 10 ml of 20% sodium acetate and 
was boiled for 5 min, we found no reducing action on 1.75% lactose. 


Under these conditions we ran an analysis of pure glucose in the absence of lactose. 


The results are given in Table 2, 


The results of the analysis of a mixture of glucose and lactose by this method are given in Table 3, The 


mixture was prepared in such a way that the amount of lactose which was added was always constant at 1.75% 
and the amount of glucose was 0.5% or less, 


As the data of Table 3 show, when the oxidizing solution was heated with a mixture of glucose and lactose, 
the amount of permanganate used remained practically the same as without the addition of lactose (Table 2). 


The results show that the solution which we suggest satisfies the basic requirement: it oxidizes glucose and 
does not oxidize lactose (at a concentration of 1.75%). 


We should mention that in this case, as with other reducing methods for determining sugars, there is no pro- 
portionality between amount of precipitated cuprous oxide and amount of reacting glucose. Therefore the con- 
centration of glucose in the solutions being studied should be determined from Table 2. 


Method of Analysis 


20 ml of a solution of copper acetate is placed in a 150-ml flask (48 g/liter), and 3.5 ml of 10% lactic 
acid, 10 ml of 20% sodium acetate and 20 ml of the sugar solution to be analyzed are added. The flask with a 
reflux condenser is heated to boiling ona plate with an asbestos gauze and then boiled exactly 5 min (the time is 


° 
bs uv 
| 
9.50 | 6.15 | 6.05 | 0,20 | 3.00 | 3.20 | 3.40 
0.45 5.60 5.65 | 2:30 2.40 2.50 
0.40 | 5.40 | 5.50 | 0,10 | 1.60 1.70 | 1.65 
0.35 | 4.60 | 4.50 | 0105 | 1:15 | 1120 | 1210 a 
ve 0.30 4.30 4.50 1 0,025 | 0.5 0.70 0.60 = 
0.25 | 3.80 | 3.70 | 0,01 | 0-4 0.30 | 0.40 
See 


measured from the first appearance of bubbles), The flask is then quickly cooled under the tap, and the amount 
of precipitated cuprous oxide {s determined according to Bertrand, The amount of glucose is found from Table 2. 


SUMMARY 


The conditions have been determined under which lactose is not oxidized and glucose {s well oxidized in 
small concentrations, 


A method has been worked out for determining small amounts of glucose in the presence of relatively large 
amounts of lactose. 


In conclusion, we express thanks to Professor A. P. Vishniakov for help and advice, 
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TRANSFORMATIONS OF URIC ACID BY SOME FUNGI 


F. T. Sukhenko and E, S, Podgainata 
Chair of Biochemistry of the Novosibirsk Medical Institute 


For a study of the nitrogen requirements of fungi — Fusartum and Microsporum — we used different nitrogen 
compounds; nitrites, ammonium salts of hydrochloric, sulfuric, nitric and thiocyanic acids, amino acids, peptone, 
different protein derivatives, urea, thiourea, some pharmaceuticals and other compounds, Our findings, like those 
of the literature data, show that these fungi use nitrogen of many compounds, but they grow best of all on media 
which contain substances found in the organisms of humans and animals. 


Uric acid occupies a prominent place among the nitrogen compounds of the organism, However, because 
of its bicyclic structure, its use by fungi might be difficult or completely impossible, We found no data that uric 
acid could be used for the nutrition of fungi of these types, It is known, however, that some bacteria and sapro- 
phytic fungi grow on nutritive media with uric acid [1-3]. 


Our problem was to determine whether uric acid could serve as the only source of nitrogen for the nutrition 
of some fungi which are parasites on humans and animals and, if we could show that uric acid was used by these 
fungi, how it was changed. 


For the study we used Microsporum lanosum (strain 2) and Microsporum ferrugineum (strains K and KK), 
These fungi differ from each other in that the first is parasitic on humans and animals, and the second only on 
humans. We also used a Fusarium of the Sporotrichiella group (strain 1045). This was included in the experiments 


to determine whether there was any difference in the use of uric acid by forms of fungi which differed greatly in 
genetic nature, 


METHODS 


The composition of the nutrient medium was: glucose — 3%, uric acid — 0.195%, MgSO, + TH,O — 0.025%, 
KH — 0.050%, FeSO4— 0.0025%, The water was twice distilled, 


100 ml of medium was poured into a 250 ml conical flask and sterilized by passing in steam, Immediately 
after sterilization and cooling, the medium was colorless, clear and without a precipitate, pH 6.8; after some 
time a precipitate of uric acid appeared in the medium. Thus, when inoculation with fungi occurred, part of 
the uric acid was in the precipitate, 


Each form of fungus was inoculated into 15-20 flasks. For the inoculation we used a “suspension” of fun- 
gus mycelia, raised on a glucose-peptone medium. The suspension was added with a device which we built and 
which permitted mass inoculation under sterile conditions; it added more or less the same amount of material 
to each flask, Growth took place under laboratory conditions, 


The intensity of growth of the fungi was judged by the appearance of the culture and the amount of myce- 
lium formation, For this, the mycelia were separated from the nutrient medium, washed three times with water, 
air dried and weighed. In most cases, when the mycelia were separated, a precipitate of uric acid remained in 
the nutrientmedium. Since separation of the mycelia from the crystals of uric acid was impossible, we usually 
took two parallel tests (each from 2-3 flasks) and in oneof them dissolved the uric acid by adding alkalf and warm- 


ing the culture liquid, The weight of the mycelia was taken into account in this test, in which the uric acid was 
dissolved, 


i 
a 
Bae 


The nutrient medium,freed from mycelia, was brought to the original volume and in it were determined: 
pH, potentiometrically; total nitrogen, by Kjeldahl; ammonia, according to Conway; urea, by the urease me- 
thod; uric acid according to Muller-Seifert, and sometimes, as a control, according to Hopkins. 


The presence in the culture liquid of decomposition products of uric acid — allantoin, allantoic acid, and 
urea — was shown by paper chromatography. We used the "rapid" chromatographic paper of the Leningrad Factory 
for this analysis. In most cases we used ascending chromatography, but sometimes descending. Out of all the 
possible solvents we chose two: n-butanol ethanol—water (4: 1:1) and phenol-10% aqueous sodium citrate (5:1 
weight/volume). 


The most satisfactory agent for detecting allantoin, allanturic acid and urea was p-dimethylaminobenzalde- 
hyde, This substance gave light green spots which revealed the substances on the chromatogram, The colored 
spots appeared comparatively quickly and were stable for several days. Identification of the substances was made 
with standards, 


Attempts to use “phenol hypochlorite" and "“a-naphthol hypochlorite" reagents for identifying urea on the 
chromatogram, aswith Berry and co-workers [4], were unsuccessful, probably because of differences in the quality 
of sodium hypochlorite used by us. 


Allantoin was prepared by oxidizing uric acid [5] and allantoic acid by the method of Fosse and Bossuy [6]. 
Qualitative determination of glyoxylic acid was carried out by the method described by Fosse and Bossuy [6]. 


In some cases we determined in the culture liquid substances which were precipitated by xanthydrol in a 
medium of acetic acid, For this purpose we added 20 m1 of acetic acid and 2~3 ml of a 10 %solution of xanthy- 
drol to 10 ml of nutrient medium. 


Determination of amino acids in the hydrochloric acid hydrolyzate of the fungus mycelia was carried out 
by paper chromatography. We used as solvents the system n-butanol—acetic acid— water (4:1: 1) and phenol 
saturated with water. Development of the chromatogram took place at laboratory temperature, The amino 
acids were detected by a 0.1% chloroform solution of ninhydrin [7]. 


The amino acids were finally identified in the eluate by comparison with standards on an ascending chro- 
matogram using phenol saturated with water as a solvent and adding to it 0.04% of 8-hydroxyquinoline [8]. 


Since the R¢ values for histidine, arginine and lysine were close in all the solvents we used, histidine and 


arginine were determined by supplementary, specific reactions on a strip cut from the chromatogram obtained 
with the butanol solution, Arginine was determined by the Sakaguchi-Weber method [9]. The strip was first 
sprinkled with an alkaline solution of a-naphthol and then, after 4-5 min of air drying, with a solution of NaBrO 
and urea (40%). Histidine was determined by moistening the strip with a solution of diazobenzenesulfonic acid 
prepared by the method of Pauly-Weis [9], and a half-saturated soda solution. 


EXPERIMENTAL DATA AND DISCUSSION OF THE RESULTS 


1. Characteristics of Fungus Growth 


Our experiments showed that uric acid can serve as the sole source of nitrogen for the fungi which we used, 
However, their growth, and especially that of the Microsporum, occurred comparatively slowly on media with 
this acid. Nonetheless, when the growth period was lengthened, the total amount of mycelia formed could be 
large enough (Table 1), Fusarium in this medium, as in other media, grew several times faster than Microsporum. 
If we compare the daily growth of the mycelia of the Fusarium for the first 23 days after inoculation, when there 
is still sufficient glucose in the medium, with the daily growth of the mycelia of the Microsporum during 63-65 
days, we see that the Fusarium grew 10 times faster than the M. lanosum, 30 times faster than M, ferrugineum KK 
and 80 times faster than M. ferrugineum K. Among the Microsporum, M. lanosum was characterized by the fastest 
growth. 


The slow growth of the Microsporum on media with uric acid evidently occurs because these microorganisms, 
as parasitic forms of life, are adapted to the use of one substance in the host organism to a greater degree than 
another. Uric acid, though it is present in the bodies of humans and animals, must be considered not to be a 
fundamental source of nutrition for these fungi under their natural conditions, and therefore they use it slowly 
under the conditions of culturing. 
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As for the cultural and morphological characteristics of these fungi when they are raised on a medium with 
uric acid, we can mention only the following. 


When the M, lanosum was inoculated into this medium, it fastened itself to the bottom of the flask as it 
grew, a process which was not observed when it was placed in other media, such as protein or glucose-peptone 
media. The surface film of aerial mycelia, formed by this fungus was “velvety” and not “cottony” as it was 
when grown on media which were rich in nitrogenous substances, M., ferrugineum KK and M, ferrugineum K also 
grew on the bottom, but they differed from M, lanosum in that they did not fasten themselves to the bottom. The 
first formed a comparatively thick "cake," ‘saturated with the medium, on the bottom, and the second, a thin 


bottom film, It is interesting that these two fungi did not form a surface film in the uric acid medium, Their 
pigmentation was very weak. 


In the uric acid medium the Fusarium grew only a little more slowly than on media which contained other 
nitrogen-rich substances, and formed a comparatively massive surface film, usually of an intense rose color. 


2. Change in Composition of the Nutrient Media During Growth of the Fungi 


Table 1 gives the results of analysis of the nutrient media. 


The data of Table 1 show that during growth of the fungi, reactions occurred in the nutrient liquid which 
led to changes in its composition, changes which were connected not only with the utilization of its components, 
but also with the formation of new compounds from uric acid. 


Thus, during growth of the fungi the pH of the culture medium changed. The greatest change was found 
with the growing Fusarium; in this case the pH at first dropped to 6.12, and then rose to 7.94. With the growing 
Microsporum there was at first a slight acidification, but this did not occur in all cases, and then the medium be- 
came alkaline; in the case of M, ferrugineum K the final pH was 7.68, and for M, lanosum it was 7.94, The 


alkalinity of the nutrient medium was connected with splitting of uric acid by the fungi and formation of substances 
with an alkaline reaction, especially ammonia. 


As the fungi grew, the amount of uric acid in the nutrient medium decreased. Thus, for example, the me- 
dium in which M, lanosum was growing originally contained 65 mg% uric acid nitrogen and at the end of experi- 
ment 1, only about 1 mg% remained; in the M, ferrugineum KK about 23 mg%; in experiment 2 when M. fer- 
rugineum K and Fusarium were grown, the content of uric acid nitrogen fell to 21-22 mg%. 


From this we can conclude that the fungi which we used decomposed uric acid, and the rate of the decom- 
position depended on the nature of the fungus. If we compare the amount of uric acid decomposed with the amount 
of vegetative material formed by the different fungi, we can see that Fusarium decomposed this acid with the least 
speed. The data also show that the splitting of uric acid by fungi took place somewhat faster than the utilization 
of the reaction products, Therefore the latter accumulated in the nutrient medium; the Microsporum accumula- 
ted relatively more of them as it grew than did the Fusarium. 


It is known from the work of a number of authors [10-16] that the intermediate and final products of the 
reaction of uric acid are allantoin, allantoic and glyoxylic acids, urea, ammonia and other substances, From 
this we can assume that in the life processes of our fungi uric acid will be split to form these products, 


The results in general confirm this assumption. Thus we detected urea in the nutrient media from all our 
growing fungi, and its content changed during the experiment. After a short period of Microsporum growth, when 
the extent of uric acid decomposition was still small, the urea content of the medium was small (trace), As the 
fungi grew, however, the amount of urea increased considerably. The urea nitrogen content in the medium in 
experiment 1 reached 3,5-6.3 mg% for growing M. lanosum and 1.3-1.8 mg% for growing M, ferrugineum KK. 


During the period of intensive growth of Fusarium, urea was not detected either by the urease, the xanthy~ 
drol, or the chromatographic method. However, the absence of urea in the nutrient medium during this period of 
Fusarium growth does not mean that it was not formed from uric acid. It was more likely that it was formed but 
was quickly and completely used by the fungus and so was not detected in analysis. This was actually shown, 
When the growth of this fungus was slowing down and its use of nutrients was decreasing, urea was found in the 
medium; the content of urea nitrogen at this time reached 1.3 mg%, 
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Fig. 1. Chromatogram of the nutrient medium with Fig. 2. Chromatogram of the decomposition products 
uric acid on which Microsporum lanosum 2 and Micro- _ of urfc acid in nutrient media on which Microsporum 
sporum ferrugineum KK grew: I) standard solution of ferrugineum K grew: A) solvent;phenol—10% sodium 
allantoin; II) standard solution of urea; III) medium citrate, B) n-butanol—ethanol—water, I) Nutrient 

on which M, lanosum grew; IV) medium on which medium; II) standard solution of allantoin; III) stan- 
M. ferrugineum KK grew; V) standard solution of al- dard solution of allantoic acid; IV) standard solution 
lantoic acid; 1) allantoic acid; 2) unidentified sub- of urea; 1) allantoic acid; 2) unidentified substance A; 


stance A; 3) allantoin; 4) unidentified substance B; 3) allantoin; 4) urea, 
5) urea. Dots indicate the line reached by the solvent. 


TABLE 2 
Value of R¢ for Substances Contained in Media on Which Fungi Grew 


| Solvent 


n-butanol~ ethanol—H,0 phenol—sodium 


|_No. of chromatogram | citrate 


Allantoic acid 

Unidentified 
substance A 

Allantoin 


Unidentified 
substance B 


. 5 
Urea A2 0.82 


As a control,we tried to determine urea in the nutrient medium not only by the urease method, but by the 
xanthydrol method of Fosse. We did not succeed in determining it quantitatively by this method, since xanthy- 
drol precipitates not only urea but also some other substances, The precipitate was not homogeneous, as we saw 
clearly under the microscope. It contained typical dixanthylurea crystals and also branching and star-shaped 
crystals, The precipitate was washed with methanol and dried at 100°; its form still differed from dixanthylurea; 
it was dull and not glittering ("silky") like a precipitate consisting only of dixanthylurea. 


| | 2 
10 
i 
| | | 
| | Os = 

0.00 | 0.05 | 0.00 0.07 0.15 ae 

0.05 | 0.13 | 0.06 0.22 

0.44 0.22 0.15 0.50 0.52 a 


This determination showed that besides urea other substances which reacted with xanthydrol were formed 
by the splitting of uric acid. Such substances were most likely to be allantoin and allantoic acid, 


Qualitative determination of the intermediate products of reaction of uric acid in the nutrient medium by 
paper chromatography showed that in the medium in which M., lanosum grew, urea, allantoin and allantoic acid 
occurred, and also two compounds which we could not identify (A and B) (Fig. 1). Substance A gave with p-di- 
methylaminobenzaldehyde a light yellow spot, very pale because of its small concentration, and substance B under 
the same conditions gave a pale red-brown spot. 


In the media on M. ferrugineum K and KK grew we detected urea, allantoin, allantoic acid and substance 
A (Fig. 2). 


In the medium on which Fusarium grew we found only urea, allantoin and allantoic acid, 
The values which we determined (R¢) for these substances in two solvents are given in Table 2, 


The data of Table 2 show that all the products of reaction of uric acid are detected faster on the paper with 
the phenol~citrate solvent than on the paper with butanol—ethanol—water. Nevertheless, the or’ of their dis- 
tribution on the chromatogram 1s the same with both solvents, The variation in values of R¢ when the same sol- 
vent is used depends chiefly on variations in thickness of the paper (chromatogram 15 was on thicker paper than 
3 or 19), as we found in special experiments made to check this, Owing to the different rates of movement of 
the substances shownin Table 2 in different determinations, it was desirable to use standards, 


We also determined glyoxylic acid in the nutrient media; its amount increased with growth of the fungi, 
as measured by the intensity of the color produced in the reaction. 


It is thus evident that uric acid is used by them as a source of nitrogen, The fungi which we studied must 
contain an enzyme (or enzymes) which catalyzes the splitting of uric acid. Thus far, however, it is not clear 
what fungus enzymes take part in this process, 


It is known that the oxidation of uric acid to allantoin is catalyzed by the specific enzyme uricase, There- 
fore we could assume that this enzyme is present in the fungi which we studied. However, Canellakis, Tuttle 
and Cohen [16] showed that uric acid could be oxidized by the systems catalase-ethyl peroxide, lactoperoxidase- 
hydrogen peroxide, verdoperoxidase-hydrogen peroxide, and horseradish peroxidase-hydrogen peroxide, In each 
case some of the oxidation products were formed, including allantoin and urea, The same authors say that slight 
decomposition of uric acid can occur in the presence of catalase and systems which form hydrogen peroxide and 
consist of notatine and glucose. 


The nutrient media in which the fungi grew contained glucose, Catalase and peroxidase were present in 
our fungi. As Iu. V. and D, K, Taradaiko showed in our laboratory, the catalase activity of Microsporum is very 
high. According to the literature data [3, 16], and because we found allantoin, allantoic acid, urea, glyoxylic 
acid (and two unidentified compounds) in the nutrient medium on which the fungi grew, we can assume that the 
transformation of uric acid by fungi takes place with the participation of oxidizing systems, and that catalase and 
peroxidase play a large part. 


3. Amino Acid Composition of Fungus Mycelium 


There are a few reports of the amino acid content of the mycelia of some fungi such as Aspergillus and 
Penicillium, There ts little information on the amino acid composition of fungi which are parasitic on humans 
or animals, We decided to find out which of the common amino acids of proteins were present in the mycelium 
of Microsporum and how these were changed qualitatively with changes in nitrogen nutrients of these organisms. 


We identified the following amino acids in the hydrochloric acid hydrolyzate of the mycelia of M, lanosum 
and M. ferrugineum KK; histidine, lysine, arginine, aspartic acid, serine, glycine, glutamic acid, alanine, valine, 
leucine and norleucine (and possibly also isoleucine); in the hydrolyzate from the mycelia of M, lanosum we also 
found cysteine, and in the hydrolyzate from M, ferrugineum KK, tyrosine. In addition we found three more amino 
acids in the mycelia hydrolyzates from both fungi, but we did not identify them. One of these, evidently proline, 
gave a yellow spot when the chromatogram was treated with ninhydrin after using the butanol solvent. Thus we 
found that the mycelia of these fungi contained at least 15 amino acids, 
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It is interesting that the mycelia of both fungi grown on the uric acid media contained no threonine, since 
the same fungi grown on four media with different amino acids always showed it. 


Foster [17] showed that when Wooley and Peterson isolated 13 amino acids from Aspergillus sydewi, they 
did not find glycine, phenylalanine and hydroxyproline even when they used sensitive color reactions, In all 
cases we found glycine in the mycelia of Microsporum and Fusarium, independent of the initial nitrogenous nu- 
trient. Cattaway and Thompson [8] also found glycine in the mycelium of Microsporum canis. It is thus probable 
that the presence of glycine in Microsporum and Fusarium is a characteristic which differentiates them from As- 
pergillus sydewi. 


From our data it is evident that the qualitative amino acid composition of both the fungi which we studied 
was almost the same. The data also show that our fungi could synthesize almost the same amino acids as were 
found in the proteins of many organisms by other investigators; Gulaev [19],in the proteins of dysentery bactert<; 
Dubrovskaia , Kaitmazova and Tarkhanova [20],in the cytoplasmic proteins of Brucella; Sisakian and Bezinger 
[21],in the proteins of the chloroplasts and leucoplasts of sugar beets; and Hofman [22],in the body of Nitrosomo- 
nas, 


Certainly, fungi parasitic on humans and animals have their own characteristic proteins which differ from 
those of other organisms. The study of the proteins of the mycelia of fungi is of biological interest and will be 
the subject of our further investigations. 


SUMMARY 


Uric acid added to a nutrient medium of salts and glucose can serve as the sole source of nitrogen for Micro- 
sporum lanosum, Microsporum ferrugineum and Fusarium of the type Sporotrichiella, 


The intensity of growth of fungi on uric acid media varies; Fusarium growsat almost the same rate as on 
a glucose-peptone medium and media with proteins; Microsporum grows very slowly, and more slowly than Fu- 
sarium, 


During the growth of the fungi, the uric acid splits to ammonia and glyoxylic acid through a series of inter- 
mediate products, Among the latter,a chromatogram detects in the nutrient media,urea, allantoic acid, allantoin 
and two unidentified substances which we called A and B, The content of all the substances in the nutrient media 
changes as the fungi grow. 


The fungi which we studied use the uric acid nitrogen to synthesize almost all the major amino acids needed 
to form proteins, The chromatogram of the hydrochloric acid hydrolyzate of the fungus mycelia shows cysteine, 
histidine, lysine, arginine, aspartic acid, serine, glycine, glutamic acid, alanine, valine, tyrosine, leucine and 
norleucine (possibly isoleucine), Three more amino acids are detected but not identified. 


No difference in the amino acid composition of the mycelia of Microsporum and Fusarium {s found. 
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RIBONUCLEIC ACID PHOSPHORUS TURNOVER AND PROTEIN SYNTHESIS 


L. E. Toliushis 


Biochemistry Department, Kaunas State Medical Institute 


There is a considerable body of evidence concerning the direct participation of ribonucleic acid (RNA) in 
protein synthesis. However, the mechanism of RNA participation in this process is still a matter of controversy. 


The following two hypotheses seem to have the most support. 1) Nucleic acids provide the framework on 
which protein molecules are assembled. The amino acids are positioned on the RNA molecule in a definite order, 
defined by the specific nucleotide sequence in the nucleic acid molecule, 2) Ribonucleic acid serves as the 
energy donor for protein synthesis, the energy being derived at the expense of the internucleotide, or additional, 
phosphate groups in the molecule. 


The niain evidence in favor of the latter theory is the observed correlation between the turnover rate of the 
RNA phosphorus and the intensity of the concomitant protein biosynthesis, However, the majority of results of 
this nature were obtained in experiments where label incorporation into RNA was studied in complex systems, often 
in vivo, These data thus provide no evidence for a direct connection between RNA turnover and protein synthesis, 
It is possible that the acceleration of phosphorus turnover in the RNA of cells, actively synthesizing protein, is 
due to the generally raised metabolic level of the whole cell being demonstrated in the intensified phosphoryla- 
tion. 


It is therefore of some interest to study the connection between RNA turnover and protein synthesis on com- 
paratively simple, cell-free systems. Such systems may be expected to give some indication of the existence 


of any connection between the turnover of phosphate groups in RNA and protein synthesis. 


The comparatively simple system employed in the present work was a suspension of cytoplasmic granules, 


These cel] components are known to carry out oxidative phosphorylation under suitable conditions and would 
thus be capable of providing phosphorus for incorporation into RNA [1]. Certain cytoplasmic granules have also 
been shown to synthesize protein, as evidenced by labeled amino acid incorporation [2, 3, and others], increase 
in enzymatic activity [4] and net protein synthesis [5,6]. Oxidative phosphorylation processes are catalyzed mainly 
by enzyme systems present in mitochondria, while protein synthesis takes place in other granules, 


In order to resolve the question of the direct connection between RNA phosphorus turnover and protein syn- 
thesis, the former process was studied,in the present work, in cytoplasmic particles concerned with protein synthests. 


METHODS 


Particles were prepared from regenerating rat livers excised 18-22 hrs after partial hepatectomy. The sub- 
cellular fractions were prepared from homogenates by differential centrifugation as described earlier [5, 6). 


The isolated particles were suspended in Krebs-Ringer bicarbonate buffer from which phosphate was 
excluded in all experiments involving p* The following additions were made into the incubation vessels (con- 
taining the particles) in the first experimental series; 


1. Krebs-Ringer bicarbonate with phosphate excluded, containing potassium salts of ATP and a-ketoglutaric 
acid, and cytochrome c, The final concentrations of ATP, a-ketoglutarate and cytochrome c were 0.003 M, 


0.006 Mand ~ 0,001 M, respectively, after the addition of this buffer. The solution will be referred to as the 
“AT P-containing medium," 
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2. Amino acid mixtures, added in amounts sufficient to bring the concentration of each L~amino acid to 
0.2 mg/ml. Incubation mixtures to which amino acid solutions were not added received a corresponding volume 
of 0.9% KCl. 


8, Radioactive phosphate in the form of NagHP®0,, and in amounts calculated to bring phosphate concen- 
tration to a level which would be obtained if phosphate-containing Krebs-Ringer bicarbonate was used. 


In another experimental series the ATP-containing medium described above was replaced by a protein-free 
supernate in which mitochondria were previously incubated [4, 5]. The latter was obtained by incubating mito- 
chondria, isolated from rat liver, in the ATP-containing medium for 30 min, heating the suspension at 100° for 
5 min and centrifuging off the coagulated protein, This supernate will be referred to as the “mitochondrial 
supernate.” 


Particles were incubated for 30 min at 38-39°, after which they were fixed and washed many times with 
TCA, After removal of the lipids the RNA was extracted, in the initial experiments, according to Schneider [7] 
and later by heating for 2 hrs at 100° with 10% NaCl. 


Phospholipid (PL) radioactivity was measured after removal of solvent and drying, while RNA was precipi- 
tated from the respective solutions with two volumes of acidified alcohol,and radioactivity measurements were 
carried out on the dried material, 


The precipitates remaining after the removal of lipid and RNA were used for the estimation of phosphopro- 
tein (PP) radioactivity. 


RESULTS 


According to published results mentioned above, the total fraction of the large liver granules (mitochondria 
together with other granules) carries out protein synthesis under certain conditions, with a simultaneous incorpora- 
tion of P™* into RNA, PL and PP, 


The first experimental series in the present work dealt with ps? incorporation into RNA, PL and PP during the 
incubation of the large granular fraction in the presence and absence of amino acids (Table 1), since these com- 
pounds determine the intensity of protein synthesis, 


TABLE 1 


p? Incorporation into RNA, PL and PP During the Incubation of the Entire Fraction of the 
Large Cytoplasmic Granules 

Reaction mixture contained: 1 ml of the particle suspension in Krebs-Ringer bicarbonate 
without phosphate, 0.2 ml of the complete amino acid mixture, 0.75 ml of the ATP-con- 
taining medium and 0.05 ml of the NagHP™0, solution, Control mixtures received 0.9% 
KCl solution instead of either amino acid mixture or ATP-containing medium, Gas phase — 
O,. Figures in the table represent the ratio: 


Total activity of P fraction in the vessel 
Activity introduced into the vessel 


Presence (+) or 
absence (—) of 
amino |medium 
acids w/ATP 


(without incubation) 
-2 (control for | 
wash) 


= 

Expt. 1 Expt. 2 
Test 

i PP- |RNA | PL | PP 2 

| 
0-1 | + | 0.69 | 24.0] 5.7 | 0.81 | 54.2 | 72.8 

0.2 0 | 8.9] 3.3 | — | 29:9 | 60.5 
K-] | | 13.5 | 4.0 45.9 | 54,2 
N | 0 0 0 6.4 | 24.7 
K a 
- | 0 0 | 04] 0.6 
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TABLE 2 


The Effect of Amino Acids on the Incorporation of P™ into RNA, PL and PP During 
the Incubation of the Entire Large Particle Fraction of the Cytoplasm 
For conditions see Table 1 


Presence (+) or 
absence (—) of 


coco 

won web 


TABLE 3 


P™ Incorporation into RNA, PL and PP During the Incubation of the “Light Large Particles” 
and Submicroscopic Granules 

Incubation mixtures contained: 1 ml of the particle suspension, 0.4 ml of the amino acid 
mixture, 0.2 ml of the mitochondrial supernate, 0.05 ml of the NagP™"0, solution and Krebs- 
Ringer bicarbonate without phosphate to a total volume of 2 ml. The figures in the table 
represent the fraction: 


Activity per mg of dry weight of particles | 10° 


Activity introduced into vessel 


Presence (+) or 
absence (—) of 


amino acids mito- 


ontr, |chon- 
incu-| tor j/drial 


pation|wash fsupern. 


Submicroscopic particles 


19 10.242. 4+. |0.046 10.08]0.37 
90105: \.052 10.19]0.44 
0.046 10.1610 35 
0.052 10. 1810.44 
0.009 10.11]0,34 


10.15/2.18]] O-3 | + 10.054 0.0610. 42 


It will be seen from Table 1 that in control experiments, following exhaustive washing, (K~2), radioactivity 
was almost entirely absent from the fractions investigated. Label incorporation was also much lower in the case 
of granules aged in the cold, (N) than in the case of fresh suspensions, 


The highest amount of radioactive phosphorus was incorporated into the RNA, PL and PP fractions in incuba~- 
tion mixtures containing the full complement of amino acids and the ATP-containing medium (O-1). Amino 
acid exclusion caused a decrease of label incorporation into all fractions investigated (O-2), Least p® incorpora- 
tion was observed when both amino acids and ATP-containing medium were excluded (K~1). 


The results may be taken as indicating that the most rapid phosphate incorporation took place under con- 
ditions which were most favorable for protein synthesis (presence of amino acids), It was possible, however, that, 


Expt. 1 Expt. 2 
Test jamino acids], a. 
non= .<| RNA | PL | PP |RNA | PL | PP 
O-1 + | + |] + | 0.86 | 29.7 | 32.1 | 1,6 
0-3 + | | + | 0.64 | 24.9] 30.4] 4.6 
K-1 — | — | — | 0.48] 2.8] 20.7| 0.6 
ig N — | O | 0.4] 10.4] 4.0 
| | | | | 
absence (-) 0 
amino acids |Mito- 
bation] wash |supern. 
"Light large granules" | 
OF | = + 10 
K-2 — | — — [0.08 | 
= 


under the present conditions, the amino acids were important not as a protein precursor , but as an additional 
respiratory substrate, or that their presence in the medium favored the preservation of the particle structure, This 
objection was checked in a further experimental series where incubations were carried out in the presence of an 
incomplete amino acid mixture [n whose presence protein synthesis was known to be depressed [5, 6]. 


It may be seen from the results (Table 2) that the omission of nonessential amino acids from the incubation 
mixture caused a decrease in P™ {ncorporation into RNA, PL and PP, although the effect was not as pronounced as 
in the complete absence of amino acids, The omission of essential amino acids only, did not affect the rate of 
p* incorporation, although protein synthesis could not have taken place at all under those conditions. 


These results thus show thatrapid P™ incorporation into the compounds investigated may take place under 
conditions where no protein was synthesized (in the absence of essential amino acids), 


Attempts were then made in subsequent experiments to separate the process of protein synthesis from that 
of P® incorporation into RNA. 


As had been mentioned above, phosphorus incorporation into various organic compounds in the cytoplasmic 
particles took place under conditions of oxidative phosphorylation, as a result of mitochondrial activity, On the 
other hand, the main body of protein synthesis takes place not in the mitochondria, but in granules of a different 
type (in the microsomes and the “intermediate” or "light large” liver granules, which again differ from both the 
mitochondria and microsomes), Protein synthesis in these granules can take place with complete exclusion of 
oxidative phosphorylation [4-6]. In this case protein synthesis will proceed if the incubation mixture contains the 
medium in which mitochondria were previously incubated aerobically and inthe presence of ATP, 


In view of this, subsequent incubations were carried out, using only a portion of the large granules, namely 
the “light large granules," which were distinct from mitochondria and which deposited (on centrifugation) on the 
top of the precipitate containing the large granules, In another set of tests microsomes only were used (Table 3), 


TABLE 4 


Protein Synthesis During the Incubation of Submicroscopic Particles in the 
Presence of Radiophosphorus 
For conditions, see Table 3 


Presence (+) or 
absence (—) of 


Difference in 
% of N 


mito- he 
chondri-| 3 
al 
supernate<¢ 


Without incuba- 


tion (N) 
Control 
(K) 
Experimental 
+ | + 

A O0 11.4 0 
4 + 2.67 
a 2.76 (-+3.4) 
+ 2.80 |-+41.5 |+4.9 


! 


Note, Values in parentheses (K — N in % of N) correspond to the % protein 
decomposed. 


Test 

4 allbut (cysteine N 
.4 cysteine “and — 
serine 

erine 
| 

O-2 +- | 2.76 | O {43.4 
0-1 143.2 | 2.5 
O-2 | -}- | -0.6 | +0.7 
| 
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The "“ATP-containing medium” which was used in the preceding experimental serles was replaced, in the 
present case, by the medium in which mitochondria were previously incubated ("mitochondrial supernate"), 


It will be seen from the results presented in Table 3 that the incorporation of medium inorganic radioactive 
phosphorus into the investigated compounds of the “light large particles” and of the microsomes was independent 
of experimental conditions: the rate of P® incorporation into RNA, PL and PP was completely unaffected by the 
exclusion of either amino acids or mitochondrial supernate, Protein synthesis, consequently, was not accompanied 
by an increase in phosphorus incorporation into these compounds, 


The results quoted above may be objected to on the grounds that, unlike the case of experiments described 
elsewhere [5, 6], the present results were based on incubations in the presence of - that is, under conditions where 
protein synthesis could have been inhibited by intrinsic tracer radiation. 


In order to remove such possible objection, net protein synthesis was measured after incubation of micro- 
somes in the presence of radioactive phosphorus, that is, under conditions identical with those described above. 
Protein was determined by the Biuret reaction, 


The results shown in Table 4 showed that the presence of radiophosphorus in the incubation medium did 
not appreciably affect protein synthesis by cytoplasmic granules, 


The total body of evidence given above may be taken as proof that protein synthesis was not coupled with 
any increase in the rate of phosphorus incorporation into RNA, PL and PP, 


According to Spiegelman and Kamen [8, 9] protein synthesis may take place with the utilization of preformed 
RNA. The results obtained in the present work indicate that protein synthesis was not accompanied by intensifica- 
tion of phosphorus incorporation into RNA, PL or PP, These results do not, however, exclude the possibility that 
phosphorus from RNA, preformed in the granules at the moment of their isolation from the tissue, was utilized 
during protein synthesis, Should such a phenomenon occur, phosphorus may be expected to be liberated with com- 
parative rapidity from the RNA during protein synthesis. 


The latter possibility was tested in experiments described below, 


Cytoplasmic granules were prepared from livers of rats, killed one hour (Expt. 1), or 30 min (Expt, 2), after 
subcutaneous injection of P| The particles in which the RNA, PL and PP were labeled with p= were incubated 
under the conditions described above with phosphate incorporation, but the Krebs-Ringer bicarbonate contained 
unlabeled phosphate. The residual radioactivity in the RNA, PL and PP was assayed following fractionation 
(Table 5), 


It will be seen from the results presented in Table 5 that, in the case of incubations with large granules 
and with microsomes, P™ was liberated from the RNA (in all cases the initial RNA activity was higher than its 
activity after incubation), The largest amount of P* was lost from the RNA when the granules were incubated 
in the absence of amino acids and the mitochondrial supernate, The absence of all or some of the amino acids 
caused an increase in P™ loss in most cases, although the effect was not as pronounced as when both the amino 
acids and the mitochondrial supernate were excluded, 


No acceleration of phosphorus loss from the RNA was thus observed under conditions most favorable for pro- 
tein synthesis, On the contrary, less phosphorus was lost from the RNA under those conditions than from the RNA 
of granules not synthesizing protein, A similar result was obtained with regard to the PL and PP, 


This similarity in the degree of phosphate loss from RNA, PL and PP indicates that the loss of radioactivity 
from these compounds during the incubation of the particles was probably due to their decomposition, or to the 
activation of various phosphatases, and that phosphorus loss from the RNA was not specific. 


It therefore became of interest to establish whether the loss of phosphorus observed was accompanied by a 
general breakup of the molecules of RNA and of the other compounds, This was studied by following the loss of 
radioactive carbon from RNA, In this series of experiments rats were given carboxyl-labeled C“-glycine 2 hrs 
before death. Glycine carbon is known to be incorporated into the RNA bases [10]. Particles were washed with 
Krebs-Ringer bicarbonate before incubation. In other details these experiments did not differ from those with ps, 
described above. 
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TABLE 5 


Loss of P* from RNA, PL and PP During the Incubation of the “Light Large Granules” and 
Microsomes 

Conditions were as described in Table 3, but Krebs-Ringer bicarbonate containing nonlabeled 
phosphate was introduced instead of the P**, The figures in the table represent the ratio: 


Total P activity of the fraction “100 
Activity introduced into rat, per g body wt. 


2? Presence (+) or 
absence (—) of 


"light large granules” | Microsomes 


Ribonucleic acid 


Of | + | 5.2-10-2 | 4,0-10-2| — | 4,.6-10-2| 4.3-40-2; — 
0-2 4340-2 | | — 4.2.40-2| 
0-3 + | — | 4.5-40-2| — - 1|3.4-40-2| — 
O-4 -- } + 3.6-10-2| 3.2°10-9 
K 3.1-40-7 |] -- | 4.5-40-2| 2.3-10-2| — 
N — | —  |6.0-40-*| 7,3-40-2} — 6-10-2| 5.6-40-2; — 
Phospholipids 
| |} + | 2.25 | — | 2.38 
1 
Phosphoprotein 
O-1 + | + | & 0.68 | 0.42 |0.18| 0.72 0.54 | 0.9 
O-2 — | — 0.64 0.36 (0.16) 0.69 0.49 | 0.28 
O-3 = = 10.18 = 0.28 
0-4 + + — {0.17 0.27 
K | 0.58 0.32 (0.16) 0.45 0.46 | 0,27 
N oe ae ~ 0.78 | 0.63 |0.27| 0.85 | 0.66 | 0.36 


It will be seen from Table 6 that during the incubation of the "light large granules" and microsomes eo 
was lost from the RNA in approximately the same manner as was P® in the experiments described above. Con- 
sequently, radiophosphorus loss from the RNA was due to the breakdown of the RNA molecule and the transition 
of its portion from the polymeric form into low-molecular weight, acid soluble components, Thus, the loss of 
phosphorus from RNA was not a result of specific phosphorus cleavage from the molecule of nucleic acid in con- 
nection with its participation in the processes of protein synthesis. 


It should be mentioned that, as established in special control experiments, .the methods employed in the 
present work for the isolation of RNA from the reaction mixtures could not alter its radioactivity; consequently 
no labile groups, should such exist, could be cleaved off the RNA molecule during the experimental procedures 
described, The data presented above thus reflect the total radioactivity of the RNA phosphorus, that present within 
the molecule, or otherwise bound to it. 


The results described above, dealing with the incorporation of isotopes into, and their loss from, the various 
compounds showed that, apparently, the RNA phosphorus is not a specific component which played a special 
(presumably energetic) role in protein synthesis, These data have been elicited in the investigation of reactions 
taking place in vitro. The question naturally arises, to what extent these results may be extrapolated to the pro- 
cesses which take place within the intact organism. 


In order to gain some information in this direction,another experiment was carried out, dealing with incor- 
poration rates of phosphorus and carbon into RNA under conditions of intensive protein synthesis in liver during 
regeneration, It was shown by Khesin [11, 12] that RNA~phosphorus turnover in cytoplasmic particles from regen- 
erating liver was considerably faster than in the same particles from normal liver, The latter work, however, 
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TABLE 6 


c™ Loss from RNA During the Incubation of Washed "Light Large Granules" 
and Microsomes 


For conditions and units, see Table 5 


Presence (+) or a 
absence (—) of Light large 


Microsomes 
amino |mito- granules" 


11.2-10-° 
10.9-10-2 


TABLE 17 


The Incorporation of P**-Orthophosphate and c¥-Glycine Introduced Vita lly 
into the RNA of the Cytoplasmic Particles in Normal and Regenerating Liver 
Specific activity is expressed as counts/min/mg P in the ps experiments, 
and as counts/min/mg RNA in the os experiments (in both cases, in % of 
total activity introduced into the animal, per 1 g of body weight) 


Physiological Cytoplasmic interval after isotope 
state fraction introduction, hrs 


Normal supernate ‘ 2.82 | 0.13} 0.05 
large particles; 

lower layer 1.13 | 0.05) 0.03 

upper layer 1.32 | 0.05} 0.04 

Regeneration supernate {39.0 0.63) 0 62 
large particles; 

lower layer 39.7 0.41; 1.40 

upper layer 56.7 0.70} 4.80 


Ratio, regenera- 14.8 5.3 | 11.9 
tion 1 arge particles; a 
layer 30. 8.2 | 33.3 
upper layer 3. 14.0 |137.1 


suffered from the disadvantage that RNA {isolation was carried out by the method of Schneider and the isolated pro- 
duct was thus subject to contamination with other compounds, 


In the experiments described below,* normal and regenerating livers were obtained from animals previously 
injected subcutaneously with either radioactive phosphate or c*-giycine, and the RNA fraction was {isolated from 
the various preparations by extraction with hot 10% sodium chloride, followed by precipitation with two volumes 
of acidified alcohol. The precipitated RNA was collected by filtration. After the radioactivity of the samples 
was assayed, the RNA was estimated quantitatively (in the case of P* experiments,phosphorus, after ashing, was 
estimated according to Fiske and Subbarow, and in the experiments with c¥-giycine, RNA was estimated by pen- 
tose assay with the orcinol reaction), The data obtained allowed the calculation of relative specific activities 


for each isotope, that is, the activity per mg RNA in % of the amount of label introduced per g of the animal's 
body weight. 


Homogenates were fractionated to yield large granules, the precipitate being divided into a lower layer(mainly 
mitochondria) and an upper layer (“light large granules"), and a supernate containing the microsomes, 


* These experiments were carried out in collaboration with E. B, Prialgauskaite. 
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between them. 


The results of these experiments are presented in Table 7. 


Specific activities of RNA varied considerably following label introduction in vivo, It is, however, clearly 
seen that during intensive protein synthesis in the regenerating liver the turnover (incorporation) of phosphorus, 
and to a lesser extent that of carbon, into the RNA was considerably increased, 


The results are thus in good agreement with those obtained in experiments in vitro with isolated granules, 
and confirmed the findings that RNA~phosphorus, in its turnover, was in no way distinct from other elements com- 
prising this compound, It may therefore be concluded that there is no evidence, from either in vivo or in vitro 


studies, of a specific and direct connection between the turnover of RNA-phosphorus and the processes of protein 
synthesis, 


The experimental results obtained with P* and c™ incorporation into RNA in vivo are in agreement with 
earlier findings [11, 12] on RNA-phosphorus turnover, These results indicated a considerable acceleration of the 
turnover of both the phosphorus and the nitrogenous bases of RNA during intensive protein synthesis, mainly so in 
the "light large granules." The acceleration of RNA-phosphorus turnover during increased protein synthesis is 
therefore not a specific phenomenon and is probably due to increased de nova synthesis of nucleic acid molecules 
in connection with tissue growth, 


DISCUSSION 


The work described in this communication dealt with the possibility of a connection between the accelera- 
tion in RNA-phosphorus turnover and intensification of protein synthesis, The possibility was investigated in con- 
nection with a hypothesis according to which RNA participates in protein synthesis by virtue of its phosphate 
groups which serve as energy donors, 


When “light large” particles and microsomes were incubated with exclusion of oxidative phosphorylation, 
phosphorus incorporation into the RNA was independent of protein synthesis. Concomitant incorporation of phos- 
phorus into PL and PP also took place in the cytoplasmic particles, The failure to find a direct connection be- 
tween phosphorus incorporation into RNA and protein synthesis in the present work is in disagreement with other 
published results dealing with the connection between these two processes [13-16 and others]. However, in the 
works cited these processes were studied in intact cells, and therefore any connection established between pro- 
tein synthesis and RNA turnover cannot be taken as evidence of the existence of a direct causative connection 


Studies on the loss of phosphorus from RNA, PL and PP during the incubation of particles under various con- 
ditions showed that the rate of loss was independent of simultaneous protein synthesis, and it is therefore unlikely 
that RNA preformed in the tissue and present in the particles on isolation is utilized in the process, It may con- 
sequently be concluded that no direct connection between the rate of protein synthesis and RNA~phosphorus turn- 
over in cytoplasmic particles has been established. 


It is of interest to note in this connection that the phosphorus of RNA showed no higher specificity than the 
phosphorus of the two other fractions investigated — PL and PP, These results are in good agreement with other 
findings about the turnover of the phosphorus of RNA, PL and PP in the structural cell components in the intact 


animal where a definite correlation was found in the turnover of all three phosphate fractions mentioned above 
(11, 12]. 


The lack of a specific connection between the turnover of RNA-phosphorus and protein synthesis was also 
confirmed by the fact that the carbon of nucleic acid bases exchanged qualitatively in a similar manner to the 


phosphorus, this similarity being evident not only in the invitrostudies with subcellular particles, but also in the 
intact animal, 


The lack of a direct specific connection between the rate of protein synthesis and nucleic acid turnover, 
as found in the present work, is in agreement with results quoted in some published accounts ([17-20] and others). 
The results disprove the hypothesis that in animal tissues RNA participates in the process of protein synthesis by 
virtue of its internucleotide, or additional phosphate groups. 


This hypothesis may probably be taken as unfounded, and the role of RNA in protein synthesis, universal 
for all organisms, cannot be reduced to the supplying of amino acids with the energy necessary for their activa- 
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tion. The conclusions add more credence to the other theory, according to which the nucleic acids provide a frame- 
work upon which the amino acids may be assembled and bound by the peptide bonds, their sequence in the poly- 
peptide being determined by the order of nucleotides in the framework. The results of the present work, however, 

do not provide a basis for the discussion of the latter theory. 


SUMMARY 


When a total mixture of the large cellular particles of a rat liver was incubated in a medium containing 
adenosinetriphosphate (ATP), respiratory substrate, cytochrome c and NagP™0,, p® was incorporated into ribonu- 


cleic acid (RNA), phospholipid (PL) and phosphoprotein (PP), The process was stimulated by the addition to the 
medium of amino acid mixtures. 


The incorporation of p*? was increased to a larger extent by the addition of the nonessential amino acids 
than by the addition of the essential ones, 


When cellular particles other than mitochondria (“light large granules” and microsomes) were incubated , 
slight p®2 incorporation into RNA, PL and PP was also observed, and it was found that this incorporation was inde- 
pendent of the presence of ATP, mitochondrial supernate, amino acids or other additions, Under those conditions 
the addition of both mitochondrial supernate and a complete amino acid mixture was obligatory for protein syn= 
thesis in the “large light granules" and microsomes, This process, which was inhibited by the exclusion of either 
the microsomal supernate or the amino acid mixture, was unaffected by the presence of radiophosphorus, Con- 


sequently, the rate of P* incorporation into RNA, PL and PP was not increased during the simultaneous progress of 
protein synthesis. 


A gradual fall in radioactivity of RNA, PL and PP was observed when granules taken from livers of rats 
which previously received P*? were incubated under the usual conditions, The rate of radiophosphorus loss from 
the particles on incubation was independent of concurrent protein synthesis. Consequently, protein synthesis has 


probably no connection with any considerable expenditure of the phosphorus of RNA or other acid-soluble com- 
pounds, 


The lack of any connection between the rate of phosphorus loss from RNA, PL and PP and concurrent pro- 


tein synthesis proved that the rate of RNA, PL and PP turnover bears no direct relation to the process of protein 
synthesis. 


When washed particles isolated from livers of animals previously injected with glycine-c™ were incubated 
under similar conditions, a fall in RNA radioactivity similar to that observed with P*? also occurred. Consequently, 


radiophosphorus loss from RNA, mentioned above, was not a result ofits specific splitting from the nucleic acid 
molecule, 


The intensification of protein synthesis, as observed in regenerating liver, was accompanied by a considerable 
increase in the rate of phosphorus and carbon turnover in the RNA of the cytoplasmic particles, The turnover of 
these elements in the RNA of the particles from the regenerating liver was found to be higher than in the super- 
nate (microsomes and hyaloplasm), while the reverse holds for normal tissue, Consequently, the increased turn- 


over rate of RNA-phosphorus during intensified protein synthesis is a nonspecific phenomenon and arises as a re- 
sult of increased RNA neosynthesis. 


The present results on the lack of a direct specific connection between the RNA-phosphorus turnover and 
protein synthesis contradict the hypothesis according to which RNA participates in protein synthesis by virtue of 
its interlinking or additional phosphorus groups serving as energy donors. 


The author wishes to acknowledge the help and supervision of the present work by Dr. R, B. Khesin, and the 
technical assistance of E. B. Prialgauskaite, who collaborated in some experiments, 
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THE DISTRIBUTION OF LIPIDS BETWEEN THE CELL MEMBRANE AND OTHER 
COMPONENT PARTS OF THE CELL IN DIPHTHERIA MICROBES 


E. K. Alimova (Lubenets) 


Chair of Biochemistry of the Rostov-on-Don Medical Institute 


We believe it is necessary for the fullest understanding of the role of lipids in bacterial cells to investigate 
the lipid distribution between the membrane and the other parts of the cell. 


Fractionation of the Cell 


A seven-day culture of the bacteria was filtered from the medium, washed three times with physiological 
saline and dried at 37° in a thermostat. 


Portions of such dried bacteria, 3 g each, were moistened with 0.14 M NaCl solution and ground with 15 g 


of sand for 90 min, The grinding was continued for 30 min more with gradual addition of the same solution to a 
volume of 45 ml. 


The material was centrifuged at 8000 rpm, Four layers were always formed: 1) a dense white layer above 
the liquid, 2) the liquid, 3) a grayish layer of residual bacteria, 4) a white layer of sand, 


The upper layers were carefully drawn off, and after separation of the liquid were combined with the lower 


ones for repeated extraction, Such extraction was continued to a negative reaction for protein in the extract (test 
with trichloroacetic acid), 


Then 5 g more of sand was added to the mixture of upper white and lower gray layers and grinding was con- 
tinued in the same way as at first, but with extraction of protein by 1 M NaCl for 2 hrs, The substance was centri- 
fuged, As in the extraction with physiological saline, four layers were always formed; 1) a dense white layer 
above the liquid, 2) the liquid, 3) a grayish layer of residual bacteria, 4) a white layer of sand, 


The first and third layers were mixed and extraction by this solution was continued to a negative reaction 
with trichloroacetic acid in the extract, The extracts obtained with physiological and molar solutions after cen-~ 
trifuging were filtered through a filter press on finely divided filter paper. From this perfectly transparent but 
slightly opalescent solution protein was separated by precipitation with acetic acid. 


The first and third layers were shown by microscopic study to be cell membranes, not Gram-staining, and 
so they ere combined for further study. 


Thus three fractions were obtained from the cells of diphtheria bacteria: 1) cell membranes; II) proteins 
removed by 0.14 M NaCl; III) proteins removed by M NaCl. 


From 45 g of bacteria we obtained 19 g of fraction I, 2.2 g of fraction II, and 0,180 g of fraction III. We 


can assume that there was almost no loss in fraction I. There was a large loss of fractions I and III when they 
were filtered through the press. 


Fraction I; Cell Membranes 


After the above treatment, the cell membranes were first washed with 70%, then with 96% alcohol and 
finally with ether, Then they were extracted with a mixture of alcohol and chloroform, The alcohol and ether 
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extracts, which were perfectly clear solutions, gave, after removal of the solvent, ethersoluble and ether-insoluble 
substances, The ether-soluble substance, 0.6 g, made up about 3% of the total weight of the membranes, The 

ether-nsoluble substance, 0.5 g, made up about 2.5%, Substances extracted by the mixture of alcohol and chloro- 
form weighed 0.1 g, that is, about 0.5%, 


The Ether-Soluble Substance 


The ether-soluble substance was a mixture of free and bound fatty acids and consisted of a cream-colored, 
greasy mass. 


By a single distribution on a paper chromatogram we found among the free fatty acids the unsaturated 
Cog-2%4 and Cg acids and saturated palmitic acid. Among the bound fatty acids, besides those mentioned,we de- 
tected the unsaturated Cy, and Cy acids, To determine how the fatty acids were bound, the lipids were treated 
as follows, 


250 mg of lipid was saponified by 5 mlof2N alcoholic NaOH for 2 hrs on a boiling water bath, The hydro- 
lyzate was acidified with a 20% acetic acid solution in the presence of ether (50 ml), The cations were removed 
from the water solution by passing it through a column of strongly acid resin (KU-1), Anions were removed by 
passing the solution through a column of weakly basic resin (AN-2F), The desalted filtrate was divided in half, 
One part was hydrolyzed with 0.1 ml of N HCl for 6 hrs, The hydrochloric acid from the hydrolyzate was removed 
by passing the solution through a column with a weakly basic resin, 


In the portion not hydrolyzed by HCl only trehalose was detected by paper chromatography, After HCl 
hydrolysis, only glucose was found, The spots on the chromatogram were detected by a solution of silver in ace- 
tone and by a phthalate solution, Both sugars were found in 1/1000 part of the starting lipid, that is, in 0.25 mg 
of lipid. Pentoses were not found on the chromatogram either by the s{lver or the phthalate solutions, even when 
the initial amount of lipid was increased several times, However, if we took °/, of the starting amount, we could 
get a weakly positive Bial reaction, which rapidly turned brown, It can be understood that this amount could not 
be studied by the chromatographic method since the carbohydrate spot could not be developed. 


Since the carbohydrate, trehalose, was liberated after saponifying the lipids, we consider that it was bound 
to the fatty acids by an ester link, Hence the lipids extracted by alcohol and ether from the membranes of diph- 
theria microbes consist of high-molecular-weight unsaturated and saturated fatty acids and their trehalosides, 
Pentoses are present in these lipids in negligible amounts, They are most often detected as an impurity in the 
complexes found in the bound lipids. 


The Ether-Insoluble Substance 


This substance did not dissolve in ether, and was partly soluble in water, alkali and acid solutions, It 
gave a clear Bial reaction and a weak biuret reaction (the fragments were colored, but not the solution). After 
hydrolysis by acid the ether soluble substance which was formed was identified as palmitic acid by paper chro- 
matography. 


After acid hydrolysis and removal of the ether-soluble substance, the residue dissolved well in 0.1 N NaOH. 


The Alcohol-Chloroform Extract 


After removal of solvent from the alcohol-chloroform extract, the residue was washed successively by 
acetone, ether, alcohol, and again ether, The substance which did not dissolve in these solvents did not dissolve 
in water. It belonged among the complex compounds and had the following properties. When the biuret reac- 
tion was positive before hydrolysis, only the fragments showed a very faint lilac color, and not the solution, The 
ninhydrin test was positive after long boiling. This caused splitting of the fatty acids. After hydrolysis by acid 
or alkali an ether-soluble substance and protein were formed. Palmitic acid was detected in the ether-soluble 
substance. 


The Defatted Membrane 


The defatted membrane did not dissolve in water, alkali or acid; it gave positive Molisch, Bial, biuret, 
and hexosamine tests, It contained 10.0% nitrogen, 24.3% reducing substances and 11.1% ash. This allows us 
to assign a carbohydrate-protein nature to the defatted membrane. 
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Isolation of Carbohydrates from the Defatted Membrane 


Carbohydrates were separated with picric acid and by the action of strong alkali. 


Separation of carbohydrates by alkali. 2.0 g of the substance was saponified with 40% alkali solution, After 
filtration, the saponified solution was treated with 2 volumes of alcohol. The precipitate was centrifuged and re- 
precipitated from water three times; then it was washed with absolute alcohol. The substance gave the Molisch 
and Bial reactions for carbohydrates and did not give qualitative reactions for protein, The Fehling reaction for 
reducing sugars was positive only after hydrolysis; therefore the carbohydrate was a polysaccharide, This poly- 
saccharide was hydrolyzed by 2N H SO, for 3 hrs, After filtration and removal of the HgSO, by an anionite resin, 
the polysaccharide hydrolyzate was studied by single and double paper chromatography, 


Galactose, mannose, and arabinose were found in the polysaccharide hydrolyzate, The maximum absorp- 
tion of the green color with orcinol formed by testing the polysaccharide with the Bial reagent was 610 and 670 
my . 


Separation of carbohydrate with picric acid. A weight of 5 g of the substance was heated five times for 10 
min on the boiling water bath with a saturated solution of picric acid, The resulting solution was concentrated 
to small volume and acetone was added, The precipitate of polysaccharide was centrifuged and washed with 
acetone acidified with HCl (to a content of 1%), and then with neutral acetone, The bacterial residue was washed 
with acetone aciditied with HCl and then with neutral acetone, to remove picric acid, 


Separation of polysaccharide on the chromatogram before hydrolysis did not occur, After hydrolysis galac- 
tose, mannose and arabinose were detected on the chromatogram, 


The hydrolyzate from the rest of the membrane, after removing the polysaccharide, by a single distribu- 
tion on a paper chromatogram showed the presence of hexosamine and 13 amino acids; leucine, phenylalanine, 
valine, tyrosine, threonine, glycine, serine, aspartic acid, lysine, alanine, glutamic acid, diaminopimelic acid 
and cystine, 


Fraction II; Proteins Removed by 0.14 M Solution of Sodium Chloride 


After precipitation by acetic acid, these proteins were washed several times with distilled water, then with 
10% alcohol, 96% alcohol, and ether, The alcohol and ether extracts were evaporated and the residue again ex- 
tracted with ether. After removal of the ether from this extract we obtained 0.5 g of lipid which was 22.7% of 
the amount of protein obtained (2.2 g). 


The defatted substance gave a sharp positive biuret reaction, positive reactions for carbohydrates (Molisch 
and Bial), and after burning,a positive reaction for phosphorus (with sulfomolybdic reagent), Reactions with iodine 
and for hexosamine were negative, In the defatted substance we found 13.2% total nitrogen, 0.9% phosphorus 
and 1.8% pentose, In the hydrolyzate prepared in the usual way, paper chromatography showed the following amino 
acids: aspartic acid, glutamic acid, glycine, lysine, arginine, threonine, alanine, tyrosine, valine, phenylalanine. 


The method of paper chromatography also detected ribose in the hydrolyzate. 


The Ether-Soluble Substance 


Both free and bound fatty acids were found in the ether soluble substance, The method of paper chromato- 
graphy [1] indicated among the free acids the saturated stearic, palmitic and Cy acids. Stearic acid predomina- 
ted. 


After saponification, the saturated Cyp and Cyg acids were detected. 


To determine what substances were bound to the fatty acids, 250 mg of lipid was saponified and treated as 
described above (see "Fraction I," ether-soluble substances), Before hydrolysis the chromatogram showed only tre- 
halose, After hydrolysis, it showed glucose, Only 1/1000 part of the starting substance was enough to detect these 
carbohydrates. If the amount of substance was increased to 17, of the starting substance, it was possible to obtaina 
Bial reaction which quickly disappeared. 
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As can be seen, the ether~soluble substance extracted from the protein after {ts precipitation by acetic acid 
was a mixture of free high molecular weight fatty acids and trehalosides. This was identical with the compost- 
tion of the free lipids removed from the whole bacterial cell with ether or benzene, The positive Bial reaction 
obtained with very concentrated solutions was evidently the result of impurities, or of undissociated liponucleo- 
proteins or lipids which contained polysaccharides like those found in the bound lipids, 


The analyses run on the proteins allow us to consider them nucleoproteins, Since a large amount of lipid 
was combined with them, there is no doubt that they belonged among the liponucleoproteins, 


Fraction III; Proteins Removed by a Molar Solution of Sodium Chloride 


This fraction was not studied in detail due to lack of material. It was defatted in the same way as Frac- 
tion II, with 70 and 96% alcohol and ether, The solvents were removed from the extracts and the residue dissolved 
in ether. After filtration, the ether was evaporated, The residue weighed 0.0541 g. This was 30% of the protein 
(0.180 g). The defatted substance was easily soluble in alkali and gave the biuret, Molisch and Bial reactions, 
and the reaction for phosphorus, but did not give the reaction forhexosamine. It contained 12.3% nitrogen and 
0.13% phosphorus. 


The paper chromatographic method for lipids showed only palmitic acid in the ether-soluble substance, 
Carbohydrates were not detected either before or after hydrolysis of the lipids. 


DISCUSSION OF RESULTS 


The cell membranes of diphtheria microbes contained about 3% lipids removed by alcohol and ether, and 
0.1% removed by a mixture of alcohol and chloroform, 


The lipids removed by ether consist of trehalosides and a small amount of free high molecular weight fatty 
acids. The trehalosides contain unsaturated Cg, Cyg-94 and Cy, acids, Among the free acids we found palmitic 
and unsaturated Cg9 and Cg9-y acids. In the alcohol—chloroform extract we found a lipoglycoprotein complex re- 
sembling that extracted from unfractionated bacterial cells [2], The main mass of the cell membranes consisted 
of proteins and complex polysaccharides. The latter contained galactose, mannose and arabinose (in the ratio 
2:1: 3). 


On the basis of these data the membrane can be characterized as a lipoglycoprotein complex. 


The protein compounds extracted with 0.14 M NaCl =— nucleoproteins — contained 22.7% lipids, These com- 
pounds must be liponucleoproteins. The proteins removed by a molar solution of sodium chloride are also lipo- 
nucleoproteins, since they contain 30% lipids, These lipids consist only of fatty acids, 


We have no doubt as to the existence of bonds between the proteins and the lipids separated from them, 
since these proteins were obtained from water solutions which were carefully filtered and perfectly clear, Neither 
the higher fatty acids nor the trehalosides found in these lipids are soluble in water. These lipids were removed 
from the proteins only after the preliminary action of acetic acid, and even under these conditions the bond be- 
tween protein and lipid was maintained since the lipid precipitated along with the protein. 


Evidently both the membrane and the rest of the cell of the diphtheria microbe is a complex of proteins, 
carbohydrates, lipids and other substances, from which one or another of the components can be separated under 
the proper conditions. 


The identity of the lipids separated from the two forms of protein and the cell membrane, both among them- 
selves and with the free lipids of the cell [3-5] shows the complete absence of differences in chemical composi- 
tion of the free and bound lipids of the diphtheria microbe. The same lipid may occur free or bound with many 
component parts of the cell, By using different neutral or acid solvents we can get either pure lipids or lipids 
bound to other substances, From the literature data [6] the same can be said of the lipids of tuberculosis bacteria. 
Thus we can conclude that the idea of free and bound lipids making up systematic categories related to definite 
chemical structures is wrong, and that they only express the state of the lipids in the cell. 


According to recent data (Dubos [7]), the surface layer of Gram-positive bacteria consists of a complex of 
protein and the magnesium salt of ribonucleic acid, which explains the Gram-positive state. Since we find 22% 
lipids in combination with the proteins, we have reason to assume that the surface layer of the diphtheria microbe 
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cell is not a simple nucleoprotein, but a liponucleo- 
protein, The presence of lipids in this outer cell layer 
permits sufficiently easy removal of the so-called "free" 
lipids. However, the removal of these lipids certainly 
requires some sort of preliminary action on the structure 
of the cell: grinding, heating, or dehydrating by dif- 
ferent methods, Even such mild dehydration as with 
acetone certainly denatures the protein somewhat, and 
as a rule this permits breaking of the bond between lipid 
and protein, 


If our assumptions are correct, we can present a 
definite scheme of the arrangement of the substances 
Fig. 1. Scheme of the distribution of proteins and which we have studied in the cell of the diphtheria 
lipids in the cell of diphtheria microbes, 1) Liponu- microbe (Fig. 1). 
cleoprotein; a) lipids, b) ribose type of nucleoprotein; 
2) lipoglycoprotein; a) lipids, b) proteins, c) poly- 
saccharide; 3) protoplasm, 


In our scheme the substances are arranged in con- 
tinuous layers for convenience of description. Consider- 
ing the theory of cellular permeability, it would be 
more correct to show a mosaic arrangement of all these substances, preserving the order of succession of one sub- 
stance with another. The outermost layer of the cell (1) is a liponucleoprotein consisting of lipids (1a) (fatty acids, 
trehalosides), and ribose type nucleoproteins (1b); then follows a layer (2) which consists of lipids (2a) (fatty acids 
and trehalosides), proteins of a non-nucleoprotein type (2b) (data of our laboratory co-worker, L, P. Sokolova) and 
polysaccharides (2c), The central part of the cell is protoplasm (3), in which we found the liponucleoproteins com- 
posed of fatty acids and nucleoproteins, 


According to this scheme,we can assume that the protoplasm of the diphtheria microbe cell has a strong 
outer layer which plays an important part in protection and in many other biological properties of the microor- 
ganism, It certainly has a part in establishing immunity, since it is impossible that components of the bacterial 
cell distributed on the surface would not be effective in this respect. Evidence of this type comes from the effec- 
tiveness of antigens of the capsule polysaccharides of pneumococcus, the specific M~protein of the streptococcus 
group A, and the O- and Vi-antigens of Gram-negative bacilli, all of which are on the cell periphery. It should 
be mentioned that such membranes should be stable to the action of the enzymes of the macroorganism, since 
their separate constituents are stable to them, This has been shown for lipids [5] and proteins [8]. 


SUMMARY 


The cells of diphtheria bacteria No. 8 were fractionated into membranes, proteins extracted by 0.14 M 
NaCl solution, and proteins extracted by M NaCl solutions, The membranes contained about 3% lipids extracted 
by alcohol and ether, and 0.5% extracted by a mixture of alcohol and chloroform. The lipids extracted by ether 
consisted of trehalosides and a small amount of free high molecular weight fatty acids, Unsaturated Cg9, Coo 
and C4, acids were found as constituents of the trehalosides. Among the free fatty acids were palmitic acid and 
unsaturated Coy and Co9.94 acids, The alcohol—chloroform extract contained lipoglycoprotein complexes, Most 
of the cell membrane consisted of proteins and complex polysaccharides. In the latter were found galactose, 
mannose and arabinose in the ratio 2:1: 3. 


On the basis of the data obtained, the membrane was characterized as a lipoglycoprotein. 


Proteins removed from the cell by extraction with 0.14 M NaCl solution were liponucleoproteins, They 
contained 22.7% lipids. These consisted of a mixture of free high molecular weight fatty acids and trehalosides. 
The trehalosides contained unsaturated Cg) and Cy, acids and the free fatty acids contained the saturated acids, 
stearic, palmitic and Cy acids, 


The proteins removed from the cell by M NaCl were also liponucleoproteins, since they contained about 
30% lipids. In these lipids only fatty acids (palmitic acid) were detected, 
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THE PURIFICATION OF DIAMINE OXIDASE BY ELECTROPHORESIS 


V. D. Uspenskatfa and E. V. Goriachenkova (with Z. G. Mogilevskata 
and V. P. Pollfakov) 


Institute of Biological and Medical Chemistry of the Academy of Medical Sciences, USSR, Moscow 


Diamine oxidase (DO) or histaminase [1] plays an important part in the inactivation of histamine or other 
biologically active diamines in the animal organism. 


After Best discovered histaminase [2], a number of investigators studied the nature of the active group of 
this enzyme [3, 1] but they did not agree in their results. According to our data [4], two coenzymes take part in 
the action of DO in plants and animals; flavin adenine dinucleotide (F AD) and pyridoxal phosphate (PP). For the 
final solution of the question of the nature of the active group of DO and the mechanism of its action, we must 
have a highly purified preparation of DO. Most methods used for purifying DO from pig kidneys or bean sprouts 
[5, 6] are based on fractional precipitation of the active protein by sulfates, This active protein fraction {s hetero- 
geneous in electrophoresis. 


Purification of DO on an fon-exchange column with Dowex 50 [7] gave an enzyme preparation which was 
more homogeneous to electrophoresis. Direct electrophoretic fractionation of a DO preparation was carried out 
only on a Theorell apparatus [8]. 


To obtain an active fraction of DO we used zonal electrophoresis — a method which gives greater separation — 
and used it as a second stage after fractionation by sulfates, 


Plan of the Experiments and Method of Investigation 


We used as sources of DO the materfalsrichest in this enzyme — pig kidneys and pea sprouts, 


Preliminary purification of DO from pig kidneys was carried out by the method of Tabor [5] up to the stage 
of adsorption on alumina, The DO solution obtained after heating at 60°[5] was prepared for electrophoresis as 
follows; first it was dialyzed against distilled water to remove salts, then it was concentrated to a volume 10-15 


times smaller in the same cellophane bag in a stream of air from a fan, and a phosphate buffer with pH 7.2 was 
added to produce a final concentration of 0.05 M. 


DO from pea sprouts was purified by the method of Mann [6]. The week-old shoots were put through a meat 
grinder and squeezed through a heavy cloth. The residue, mixed with an equal volume of a phosphate buffer 
C/es M; pH 7.0) was stirred 2 min in a homogenizer and again squeezed out, The inactive protein was precipi- 
tated from the combined extracts by cooling to —10° with a mixture of alcohol and chloroform (2:1). After the 
precipitate was removed, the water phase (centrifugate) was fractionated with ammonium sulfate by the scheme 
given below, The last centrifugate was dialyzed against distilled water, concentrated in a stream of air, and the 
solution was submitted to electrophorests, 


Electrophoretic frectionation of the DO solution was carried out on a block of moist starch by the method 
of Kunkel and Slater [9]. 


We constructed an apparatus for electrophoresis out of Plexiglas as shown in Fig. 1. 


| 
ig 
+ 
Pas 
199 


Centrifugate 


(after treatment with ethanol—chloroform) 


+ dry 
to 0.45 saturation 


precipitate centrifugate (discarded) 


extracted with 0,02 M 
phosphate buffer, pH 7.0, 
2 hrs’ shaking. 

Stand in the cold overnight 


precipitate centrifugate 
(discarded) 


(NH4)gSO, to 0.18 
saturation 


precipitate centrifugate 
(discarded) 


(NH4)2SO,4 to 0.36 
saturation 


precipitate centrifugate 


extracted with 0,02 M (discarded) 


phosphate buffer, pH 7.2 


precipitate 
(discarded) 


centrifugate 


The central chamber of the apparatus (A), designed to be filled with starch, was connected with the elec- 
trodes through the separate rectangular windows (a) which, during the run, were partitioned off with parchment 
paper. Each electrode compartment was subdivided into three chambers (b, c, d) by two incomplete vertical 
partitions, which guaranteed a zigzag course for the passing current. Such an apparatus, due to the low resistance 
in the electrode compartments, permits effective use of the force applied to the terminals and also, because of 
the distance of the electrodes, safely protects the starch block from the influence of the products of the electrode 
process. We used a nonpolarizing electrode — Ag/AgCl (e) mounted in separate supports (f); before the experi- 
ment this was placed in the outer chamber (b) of the electrode compartment. A funnel was placed in the support 
(g) with a stopcock for adding a saturated solution of NaCl. 


Fig. 1. Apparatus for electrophoresis on a starch block. Explained in text, 
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Before the starch block {s prepared in the central chamber, the apparatus iscovered with parchment paper 
moistened with the buffer, After addition of the protein solution, the block is tightly covered with the cover (h) 
and with a layer of moist paper. The level of the liquid in the electrode compartment is kept constant during the 
experiment by a siphon so that the rate of electroosmosis through the starch block during the experiment is con- 
stant and {s easily taken into account, 


In order to assure good cooling of the starch block during electrophoresis, we kept the apparatus in a water 
thermostat at 2° (we used the thermostat of the Tiselius-Swensson apparatus), 


The area of the block was 40x 14 cm’, the height varied from 1.5 to 2.5 cm, when different weights of dry 
starch were used; we showed that the dry weight of the starch (in g) fs *s, of the required volume of the moist 
block (in cm’), The potential gradient in the block was established as 3 to 6 v/cm, The intensity of the current 
(from 40 to 70 ma) was kept constant during an experiment. The period of electrophoresis was 15-25 hrs. We 
added 5-10 ml of a 1-2% protein solution to the starch block, with a width of the protein strip of 0.5-0.8 cm. In 
these experiments we used the phosphate buffer which was most suitable for later determination of DO activity 
(0.05 M, pH 7.2, k = 0.0027 Q74em74, 


At the end of the electrophoresis the electrode compartment was cleared of liquid, the electrodes were re- 
moved, the cover and the paper were removed from the block, then the whole apparatus was turned over and the 
starch block was transferred (along with the lower sheet of paper) to a glasswhich had millimeter scale pasted 
on the underside, The block was then cut into 40 sections, each a centimeter wide, while drying out of the block 
was avoided by gradual removal of the paper; each section of starch was rapidly stirred into a definite volume 
of buffer (4-6 ml), From the centrifugate of each section we took tests to determine the protein concentration 
and the DO activity. For calculation of the total amount of protein and the full activity in each section, the 
volume of the liquid phase was taken as equal to the sum of one-third the volume of moist starch [10] and the 
volume of the buffer in which the starch was mixed, For preparative removal of the protein of the active frac- 
tion, the liquid phase was separated from the moist starch on a glass filter, Afterthe starch was washed twice 
with small portions of buffer, the protein solution was removed from the starch almost completely. 


In order to calculate the electrophoretic mobility of the protein enzyme, we ran calibrating experiments, 
using the same buffer, the same height of the block, and the same current strength as in the experiment, and we 
carried out the electrophoresis of a mixture of two proteins of known electrophoretic mobility in this buffer. We 
used dog serum albumin and a -giobulin, the electrophoretic mobility of which had first been determined in a 
0.5 M phosphate buffer, pH 7.2 on a Tiselius apparatus, From the data of the calibrating experiments we deter- 
mined the potential gradient and the rate of electroosmosis; from the data of the experiment we determined the 
actual rate of movement of the peak activity from the point of introduction, Thus we obtained all the necessary 
data for calculating the electrophoretic mobility of the protein which had diamine oxidase activity. 


The activity of DO from pig kidney was determined by the method of Tabor [1]. For a unit of DO activity 
we took the amount of histamine which disappeared from a test volume of 3.5 ml, containing 0.5 ml of DO solu- 
tion and 0.3 pmole of histamine in 0.0167 M phosphate buffer, pH 7.2, during one hr of incubation at 38° in an 
atmosphere of Op», 


The DO activity of peas was measured by the use of C2 in a Warburg apparatus, The unit of DO activity in 
this case was the number of p moles of oxygen used in a sample (2.0 ml) containing 0.5 ml of DO solution, 30 
u moles of hexamethylenediamine, and 0.2 ml of hemolyzate from erythrocytes (as a source of catalase) in 0.0167 
M phosphate buffer, pH 7.2, after incubation for one hr in an atmosphere of Og at 38°. 


The concentration of protein was determined according to Lowry and co-workers [11] by combining the 
biuret method with the Folin reaction, 


EXPERIMENTAL RESULTS AND DISCUSSION 


When we made a preliminary purification of DO from pig kidney by the Tabor method,we usually obtained 
a preparation 4-10 times purer than the starting extract. Thus, in experiment 31 (see table), the extract from pig 
kidney treated with acetone, which contained 4.8 g of protein with a total DO activity of 565 units, was given a 
preliminary purification which raised the specific activity from 0.12 unit per 1 mg of protein to 0,53 unit per mg. 
When these preparations were kept frozen at —10°,they retained their activity for several days, 
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Electrophoretic Purification of DO from Pig Kidney and Pea Sprouts 


Object 


investigated Name of fraction 


Experiment 31 


Preliminary purification preparation |127 66.9 0.53 1 

DO from pig Electrophoretic fraction 2/ 0.54} 4.0 7.4 14 
kidney 22 0.33 13.9] 42.4 | 
[0.20 16.4 82.0 155 | 
8.8 111 


0.17] 10.0 5 


Experiment 20 


Preliminary purification prepagation 38.25 | 1254 32.8 1 
DO from pea Electrophoretic fraction 1.45 88 61.1 1.9 
sprouts 7 2.98 345 115.9 3.6 
3.4 1:3 


1 
8 4.98 215 4 


Experiment 34 


Preliminary purification preparation (136 6111 44.9 1 
DO from pea Electrophoretic fraction 6 0.82 50 61.1 | 1.4 
2.92] 310 | 106.2 | 2.4 
3,54] 553” | 156.2 3.5 
2.48 374 151.0 3.4 
5.10} 282 55,3 1.2 


The specific DO activity from pea sprouts was raised by preliminary purification by the Mann method 100- 
130 times. The specific DO activity of an initial extract from pea sprouts (experiment 34, table), containing 
44,2 g of protein with total DO activity 15,064 units, was raised by preliminary purification from 0.34 to 44.9 
units per mg. When such a purified solution of DO from peas was kept frozen (—10°),it retained its activity for 
several months, These preparations had 60-90 times the specific activity of pig kidney (see table). 


In Figs. 2-4 are given the results of purification of DO from pig kidney (Fig. 2) and from pea sprouts (Figs. 3 
and 4) by electrophoresis, The experimental data are shown in the form of two curves which give the distribution 
of the protein content and DO activity by electrophoretic fraction, that is, by the distance on the starch block; 
the latter was also calibrated in units of electrophoretic mobility. The shift of the null point from the point of 
introduction of the preparation toward the cathode depends on electroosmosis, In 0.05 M phosphate buffer with 
pH 7.2 the rate of electroosmosis calculated at a potential gradient 1 v/cm in our determination is 3,7- 10° 
cm/sec. 


Figures 2, 3, and 4 show that the electrophoretically heterogeneous inactive protein is distributed along the 
whole length of the block, while the diamine oxidase activity is concentrated in 3-5 fractions, 


In the experiment with pig DO (Fig. 2) the active zone (fractions 21-24) in 19.5 hrs (at potential gradient 
3 v/cm) has left behind practically the whole mass of inactive proteins, Correspondingly, the degree of purifica~ 
tion of pig kidney DO given a preliminary purification by the Tabor method is extremely satisfactory by the elec- 
trophoretic method, The most active fraction, 23 (Fig. 2 and table), contains only 0,2 mg of the 127 mg of pro- 
tein used in the electrophoresis, but concentrated in it is 24.5% of all the activity taken for the electrophoresis, 
The specific activity of this fraction expressed in units of activity per mg of protein is 82.0 which is a purifica- 
tion of the enzyme of 155 times over the starting extract, and 683 times over the acetone extract of the pig kid- 
ney. 


A characteristic peculiarity of the DO preparation from pea sprouts (given a first purification according to 
Mann) is that, in distinction from the pig-kidney DO, the electrophoretic mobility (in the limits of 1-107® cm?: 
: sec™ty74) of active protein (DO) and inactive fractions is very similar. Under the conditions of electrophoresis 
analogous to the experiment with pig DO (experiment 20, Fig. 3), the peak of pea DO activity almost agrees with 
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Fig. 2, Electrophoretic fractionation of a pig kidney DO preparation first 
purified according to Tabor (experiment 31):127 mg of protein; 66.9 units 
of DO; 0.05 M phosphate buffer, pH 7.2; potential gradient 3.0 v/cm; length 
of electrophoresis 19 hrs 30 min, Electrophoretic mobility of DO u = 

= —7.9-10°5 em?secty 


the main fraction of inactive protein, The use of a higher potential gradient (5.45 v/cm) and a somewhat longer 
time of electrophoresis (experiment 34, Fig. 4) permits separation of active protein from inactive fractions, but 
because of the great decrease in total activity of the enzyme under these conditions the effectiveness of the puri- 
fication is raised only slightly, The specific activity of DO in fraction 7 (experiment 20, table) which concentrates 
27.5% of the activity of the preparation submitted to electrophoresis, is 116 units per mg of protein. The correspond- 
ing active zone in experiment 34 (sum of fractions 8, 9 and 10) includes 23.5% of the initial activity and has a 
specific activity of 164 units per mg of protein, 


In the most active fraction (fraction 8 of experiment 34) which contains 2.74 mg of protein of the 136 mg 
used for electrophoresis, and 8.3% of the starting activity, the specific activity is 185 units per mg of protein which 
corresponds to a purification of pea DO of 4.1 times the preparation taken for electrophoresis and 545 times the 
initial extract of the pea sprouts, We conclude, on the basis of the distribution of proteins in the most active zone 
of experiment 34 (fractions 8, 9, and 10), that further electrophoretic fractionation has little prospect of increasing 


the DO purification, The degree of purification of the enzyme by electrophoresis (fraction 8, experiment 34) sug- 
gests only a special close study of the pea DO. 


Our experiments on zonal electrophoresis of DO preparations permit us to determine approximately the elec- 
trophoretic mobility of the enzyme protein. In 0.05 M phosphate buffer with pH 7.2 at 0° for diamine oxidase from 
pig kidney u = —7,9-1075 cm?sec™!y-!, and for diamine oxidase from pea sprouts u = — 0.7+1075 cm?sec™4y7! 
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Fig. 3. Electrophoretic fractionation of a pea sprout 
DO preparation first purified according to Mann (ex- 
periment 20): 38.25 mg protein; 1254 units DO; 
0.05 M phosphate buffer, pH 7.2; potential gradient 
3,2 v/cm; length of electrophoresis 17 hrs 15 min. 
Electrophoretic mobility of DO u = —0.75+107° cm?: 
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Fig. 4. Electrophoretic fractionation of a pea sprout DO preparation first puri- 
fied according to Mann (experiment 34); 136 mg protein; 6111 units DO; 0.05 M 
phosphate buffer, pH 7.2; potential gradient 5.45 v/cm; ae of electrophoresis 
21 hrs, Electrophoretic mobility of DO u = —0.74: 107° cm* sec"! 


Thus, at pH 7.2 the protein molecules of both enzymes 
have a negative charge, but for the pig DO the electro- 
phoretic potential is about ten times higher than for 

the pea DO. Hence these two proteins of different ori- 
gin, but with the same type of enzyme action, differ 
from each other in electrochemical properties. 


Our purified electrophoretic fractions of DO from 
pig kidney and from peas are very unstable, After re~ 
moval from the starch, the active fractions of both 
enzymes lose all their activity during the first day. 

It was impossible to avoid considerable inactivation 

even during the electrophoretic separation and the re- 
moval from the starch, In the experiments with pig 

DO we found */, of the total activity of the initial pre- 
paration in the active fractions, and in the experiments 
with pea DO the sum of the activity after electrophoretic 
fractionation was about 40% (table), 


The data show that the use of zonal electropho- 
resis for purifying DO from animal or plant sources is 
justified, since it gives a highly active DO solution 
with a higher degree of purity than has been obtained 
before. Previously, pig kidney DO was purified: 


Stephenson (1943) 20-33 times [13] 
Laskowsky (1945) 300 times [14] 
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Kapellar-Adler (1949) 26 times [15] 
Tabor (1951) 240 times [5] 


Our active preparation of DO from pig kidney, obtained by electrophoresis, was puriffed 700 times. Judged 
by its specific activity, our fraction was 2-3 times more active than the DO preparation obtained by Swedin and 
co-workers (1956) by fon exchange on Dowex 50 [7]. 


Mann (1955) purified the enzyme from pea shoots 200-300 times [6], while we obtained a fraction purified 
almost 550 times, 


The great lability of the purified DO preparations, which sets limits to further increase in activity of our 
preparations, has been shown by many authors who worked on the purification of this enzyme, Evidently the pre- 
sence of the inert protein protects the enzyme from inactivation, Work on the stabilization of the active, highly 
purified DO solution is being continued. 

SUMMARY 


We have described the construction of a simple apparatus for electrophoresis on a starch block. 


By combining the method of salting out with a subsequent electrophoretic fractionation we have purified 
a preparation of DO from pig kidney 700 times and a preparation from pea sprouts 550 times. The purified solu~ 
tions of DO are characterized by great lability. 


We have shown a great difference in electrophoretic mobility of DO from pig kidney and from pea sprouts. 
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PHYSICOCHEMICAL PROPERTIES OF ALBOMYCIN 


G. V. Samsonov, L. V. Dmitrienko, A. G. Sirota, M. P. Shesterikova 


and S. F. Lavrent‘eva 
Institute of High Molecular Weight Compounds of the Academy of Sciences, USSR, 


and the Leningrad Institute of Pharmaceutical Chemistry 


The antibiotic albomycin, isolated by Hause from the culture liquid of Actinomyces subtropicus, has been 
little studied from the chemical viewpoint, Brazhnikova and co-workers [1-3] showed that albomycin contains 
some amino acids and fron. 


For a more detailed study of the physicochemical properties of albomycin, we investigated its mobility in 
an electrical field and its sorption properties, and we determined its molecular weight by diffusion. 


EX PERIMENTAL 


fobilit 


of Albomycin in an Electrical Field 


The mobility of albomycin in an electrical field was studied by high-voltage paper electrophoresis. We 
used the apparatus shown in Fig. 1. The strip of chromatographic paper was 30 cm long, the maximum voltage 

applied was 1500 v. Under these conditions the experiment lasted only ten minutes, and the diffuse spreading of 
the spot was less than with a low-voltage electrophoresis. 


Fig. 1. Apparatus for high-voltage paper electrophoresis. 
1) Metallic support cooled by running water; 2 and 5) lower 

and upper cover glasses; 3) platinum electrodes; 4) paper for 
electrophoresis; 6) weight; 17) buffer solution; 8) cloth strip. 


The experiments were run as follows, A small amount of antibiotic solution (about 0.01 m1) with a concen- 
tration of about 100,000 units per ml was placed on a strip of chromatographic paper along with a small drop of 
starch solution, The latter was necessary in calculating corrections for electroosmosis, After drying, the paper 
was put between the glasses and buffer solution was applied from both sides simultaneously, After removal of the 
excess solution, the filter paper was placed in the electrophoresis apparatus and pressed flat with a plastic roller, 


Strips of cloth were attached to the ends of the filter paper and their other ends dipped into the buffer solution of 
the electrode vessels, 


At the end of the electrophoresis, the albomycin spot was detected with ninhydrin and the starch spot with 
fodine. The yellow spot of albomycin was clearly visible without further treatment of the paper. In some cases 


we also used a microbiological method for locating the albomycin by an agar-cup method, using Staphylococcus 
aureus as the test microbe. 
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Fig. 2. Mobility of albomycin in an electrical field at 
different pH values of the solution. Buffer solutions: 

O) borate; A) acetate-formate; e) glycine; +) acetate- 
ammonia; boric acid-borax. 


Fig. 3. Paper electrophoregram of albomycin prepara- 
tions with different degrees of purity. a) 180,000 units 
per mg; b) 700,000 units per mg; 1) albomycin; 
2,3,4,5) impurities, 


Fig. 4. Scheme of paper electrophoregram of pure albomycin. 
active components; 5) starting preparation, 


The data given in Fig. 2 show the mobility 
of highly purified albomycin at different pH values 
under the experimental conditions. 


These results show that the isoelectric point of 
albomycin lies at about pH 5.5. In more acid solutions, 
albomycin has a positive charge; at pH values > 5.5 
it preferentially bears a negative charge. 


The mobility of the albomycin and the mobility 
of the impurities contained in the preparation with an 
activity of 180,000 units per mg are different, so that 
the electrophoregram gives a qualitative idea of the 
purity of the preparation, 


Figure 3 shows 2 paper strips, on one of which im- 
purities colored by ninhydrin are shown (preparation with 
activity of 180,000 units per mg); on the other, these 
impurities are not found (preparation with activity of 
700,000 units per mg). 


A detailed study of the mobility of a highly puri- 
fied albomycin preparation in an electrical field showed 
that this preparation was not homogeneous either, and 
contained a number of biologically active components, 


Figure 4 shows the electrophoregram of highly 
purified albomycin (700,000 units per mg), developed 
by the cup method on the test microbes, Such a pre- 
paration contains no less than four active components, 
one of which — the second in mobility — is the chief 
(about 85% of the total activity), In addition to this 
component, the albomycin contains more basic and 
more acid biologically active components, 


Sorption Properties of Albomycin 


The effect of a change of charge on albomycin 
when it is studied for mobility in an electrical field 


1,2,3,4) Biologically 


over a wide pH range shows that a number of functional groups in this compound can dissociate as acids or bases. 
Nevertheless, these results still do not allow us to classify albomycin among the amphoteric substances or as a 
zwitterion, that is, among the chemical compounds which can simultaneously carry positive and negative charges. 


Samsonov and Kuznetsova [4] showed that dipolar fons (or zwitterions) are adsorbed by ion exchange resins 
by a different mechanism from the sorption of singly charged ions or fons bearing similar charges. This distinctive 
mechanism is shown by the ability of dipolar ions to be adsorbed on cationite resins in the acid form, and the fail- 
ure of such adsorption in the salt form due to electrostatic repulsion of the electric charges on the ionite and the 
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Potentiometric Titration of Albomycin 
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Fig. 5. Relation of sorption capacity of resin SDV-3 
for albomycin to albomycin concentration in the solu- 
tion; m) sorption capacity of albomycin in pg fron 
found in albomycin on g of resin; c) concentration of 
albomycin (in » g Fe per ml). 
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Fig. 6. Relation of sorption capacity of albomycin on 
Na~form of resin to fon strength of solution: m) sorp- 
tion capacity of albomycin; c) concentration of NaCl 
in the solution, 


dipolar fon, The use of acetone as a solvent permits 
sorption of the salt form on the resin because then the 
carboxy 1 groups of the dipolar fon do not dissociate, 


An important property which {is also characteristic 
of dipolar fons is the increase in sorption of the salt 
form with increased concentration of competing fons 
at ion strength to 0.1. This effect, connected with the 
shielding of the second, negative charge of the dipolar 
fon leads to the formation of a maximum on the curve 
which relates sorptive capacity of the dipolar fons to 
concentration of the second, competing ion; this posi- 
tively establishes the dipolar nature of the adsorbed 
fon, 


As our experiments showed, albomycin was ad- 
sorbed with negligible capacity on the sodium form of 
the resin and with great capacity on the resin in the 
hydrogen form. The absolute adsorption capacity of 
albomycin was also interesting. The sulforesin SDV~-3 
in the hydrogen form adsorbed one billion units of 
albomycin (per g of resin) if the starting albomycin 
had a specific activity of 700,000 units per mg. Resin 
SBS-3 adsorbed a smaller amount of albomycin (see 
table). 


It is important to remember that the value for 
the sorption capacity depends on the albomycin con- 
centration in solution (Fig. 5); it occurs during fon 
exchange sorption of dipolar ions and is entirely absent 
when metal fons are adsorbed. 


The data in the table and in Fig. 5 are still in- 
sufficient to show that the albomycin ion is dipolar. 
This can be positively established by studying the rela- 
tion of sorption capacity of albomycin on the salt-form 
of the resin to the concentration of other fons in the 
solution, 


Experiments were performed with albomycin solu- 
tions which had a concentration of 20,000 units per ml 
and contained different amounts of sodium chloride. 
The curve relating sorption capacity to fon strength of 
the solution then passed through a maximum (Fig. 6). 
Thus, albomycin actually has a dipolar fon, 


The results of potentiometric titration of a pure solution of albomycin (specific activity 700,000 units per 
mg) with a concentration of 0.0415 M (if we consider that the molecular weight of albomycin is 1300) are given 


in Fig. 7, 


and NaOH used were 0.0415 M. 


* The pH of the solution was determined with a glass electrode; the concentrations of the solutions of HgSO, 


Adsorption Capacity of Albomycin by Sulforesins as 

Sorption capacity in units- 10° 

H-form of Na-form of 
resin resin 

SDV-3 8.7 1000 1.5 
SBS-3 3.5 550 2.16 = 
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Albomycin 


ml 0.0415 M 
0.0415 MH,S0, ml 


so & & 
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Fig. 7. Potentiometric titration curve for pure albomycin. Albomycin 
concentration 0,0415 M. 


The results give reason to believe that the molecule of albomycin contains several acid and basic functional 
groups. 


Determination of the Molecular Weight by the Diffusion Method 


The molecular weight of albomycin was determinedin a Tiselius apparatus with optical recording by the 
method of Lamm. The diffusion coefficient was 3.1-3,2+107° cm*/sec, which for a spherical molecule gives a 
molecular weight of 1300, This value agrees with that found by Brazhnikova [2] on the basis of chemical compo- 
sition, 


SUMMARY 


A study of the electrophoretic mobility of albomycin was made, It was shown that the chief impurities in 
an albomycin preparation with specific activity less than 200,000 units per mg migrate in an electric field at a 
rate differing from that of albomycin, The purest preparation of albomycin {s broken down into several biologi- 
cally active components during paper electrophoresis, 


A study of the sorption properties of albomycin was made, It was shown that albomycin occurs in solution 
as dipolar fons. 
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A STUDY OF THE MECHANISM OF THE INHIBITING ACTION OF UREA ON 
THIOL ENZYMES AS EXEMPLIFIED BY MONOAMINE OXIDASE 


B. N. Manukhin 
Laboratory of General and Comparative Phystology of the Institute of Animal Morphology, 


Academy of Sciences, USSR, Moscow 


The blood of warm-blooded animals contains on the average 30-50 mg% of urea — a normal product of pro- 
tein metabolism. In a number of diseases its concentration increases, especially in certain cases of kidney disor- 
der, when the amount of urea may reach 1000 mg% [1]. 


Although definite amounts of urea are always present in the organism, its action on physiological and bio- 
chemical processes has been little studied. 


Koshtoiants and co-workers [2]showed a definite effect of 0.17-0.33 M urea solutions on the condition of 
isolated organs and the basic contractile structure (actomyosin fibers), Thus the contraction of actomyosin fibers 
with ATP which is blocked by cadmium chloride is restored in the presence of urea, The {fsolated frog heart, 
stopped by thiol poisons, resumes its work under the influence of urea; this effect occurs only in the presence of 
urea solution, and when the latter is replaced by pure Ringer's solution, contraction of the myocardium again be- 
comes weak [3]. 


Urea has a definite influence on the transmission of a stimulus from the nerve to the effector organ, The 
well-known effect of the "escape" of the frog heart from inhibition by the vagus nerve disappears when a 1% solu 
tion of urea is added, and the heart again responds to stimulation of the vagus nerve by inhibition of contraction 

[4]. The sartorius muscle of frogs,which does not contract with nervous stimulation because of fatigue, begins to 

contract again under the influence of a 1% urea solution, that is, transmission of the stimulus from nerve to mus- 
cle is restored [5]. The results are similar to those of Troshin [6] who showed that in urea solution the sensitivity 
of frog skeletal muscle to nervous stimulation increases, 


The literature shows that urea has a definite stimulating effect on some physiological processes, Contrary 
results have been obtained in many experiments on the action of urea on enzymes, 


Thus, Bhaqvat and co-workers [7] showed that a 3 M urea solution irreversibly inactivated monoamine oxi- 
dase; the authors unsuccessfully attempted to restore the activity of the enzyme by long dialysis. Luciferase is 
50% inactivated by a 0.6 M solution of urea, and is completely inactivated by a 1.5 M solution [8]; the activity 
of trypsin is decreased about 90% by a 5 M urea solution [9]. In our earlier experiments we showed that a 0.33 M 
urea solution gave 50% inactivation of succinic dehydrogenase [10]. It is important to remember that in most of 
the experiments on enzymes, urea was used in concentrations which denature proteins, and the decreased enzyme 
activity in these cases might be due to denaturation of the proteins, 


Urea apparently inhibits enzymes not only in vitro, but in vivo. Thus, Gertler and co-workers [11] showed 
that in dogs with experimental uremia the cholinesterase activity of cardiac muscle decreased an average of 1.5 
times, 


It is clear from the literature data that urea stimulates a number of physiological processes and inhibits the 
activity of some enzymes. Both these effects — stimulating and inhibiting — may be due to its effect on respiration 
of homogenized tissues. The character of the action of urea in these experiments — stimulating or inhibiting — 

depends on the number of free SH groups in the homogenate [10]. 
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Since urea shows a definite effect on phystological processes and biochemical reactions in the organism of 
higher animals, a study of the mechanism of {ts action has both theoretical and practical value. 


There {s no work in the literature on the mechanism of the inhibiting action of urea on enzymes, Therefore, 
we decided to try to explain the mechanism by which urea (in concentrations which do not denature proteins) 
inhibits enzymes, espectally thiols. 


In the present work experiments were made on the thiol enzyme, monoamine oxidase, since this enzyme 
{s inactivated by urea [7], and its activity can be determined easily and exactly by the destruction of epinephrine 
which occurs by oxidative deamination [12], 


EX PERIMENTAL 


Monoamine oxidase was prepared from guinea pig livers and purified by the method of Richter [13]. The 
preparation was kept on ice and used in 2-3 days, Inactivation of epinephrine by monoamine oxidase occurred 
in a reaction mixture which contained 2.6 ml of monoamine oxidase preparation, 0.2 m1 of epinephrine solution 
and 0.2 ml of urea, or 0.2 ml of a). M phosphate buffer pH 7.8). The final concentration of the reaction mix- 
ture was 66.6 4 g/ml of epinephrine and 0.33 M urea, For the experiments the mixtures were put into three test 
tubes; in the first, a control solution of epinephrine in distilled water (66.6 g/ml), in the second, monoamine 
oxidase with epinephrine, and in the third, monoamine oxidase with epinephrine in urea solution, The test tubes 
with the reaction mixtures were put on a water bath at 37°, 


The activity of the enzyme and its changes were calculated from the amount of epinephrine destroyed in 
a given time interval. The amount of epinephrine which remained was determined biologically by the extent of 
the pressor reaction on the blood pressure of spinal animals (rabbits, cats). In determining the amount of epi- 
nephrine, 0.5 ml of the contents of a test tube was injected intravenously over a definite time interval for each 
experiment (15 to 30 min). Injection of the different solutions was rotated so that we could calculate the changes 
in pressor reaction of the heart-blood vessel system of animals with epinephrine, 


TABLE 1 TABLE 2 


Effect of Urea on Activity of Monoamine Oxidase Effect of Urea on Activity of Monoamine Oxidase in 
— the Presence of Thiol Compounds 
Amount of epinephrine Change in en- 

destroyed in pg/ml zyme activity Amount of epinephrine | Change in en- 


in % of destroyed in ml zyme activity 
control expt. | control in % of 
Paes control | expt. control 


a) Simultaneous addition of urea and 
epinephrine In the presence of unithiol 
20.6 .6 39.8 39.0 
63.0 38.6 39.8 
63.4 10.6 35.0 31.4 —10 
58.6 -~6 5.4 40.6 —10 


b) Preliminary incubation of the enzyme 
with urea for 50-70 min 
59.0 59,4 —6 
33.4 20.6 —38s 
49.4 33.4 
45,0 33.4 — 26 


In the presence of cysteine 


54.8 54.0 | = 
50.6 47.8 | oat 


In the first series of experiments, urea and epinephrine were added to monoamine oxidase simultaneously. 
The amount of epinephrine in the test was determined for 4-5 hrs of reaction of the constituents, 


From the data of Table 1, a,itis evident that the activity of monoamine oxidase is decreased in all cases, 
The average decrease in activity is 6£1%. 


In the next variant of the experiment urea was added to monoamine oxidase and the solution was incubated 
for 50-70 min at 37°; then epinephrine was added and the amount destroyed was determined over 4-5 hrs, 
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With such an experiment, the activity of the enzyme decreased muchmore (Table 1,b), The average fall in 


monoamine oxidase activity was 254 7%, 


TABLE 3 


Restoration of Activity of Monoamine Oxidase, Inhibited 
by Urea, by Thiol Compounds 


Change in en- 

zyme activit 
% of y 
control 


Amount of epinephrine 
destroyed in pg/ml 


control | expt. 


In the presence of unithiol, 1.6 mg/m] 
35.0 37.0 6 


45.8 47.0 2 
36.2 33.4 —8 
41.8 41.0 -—2 


In the presence of cysteine, 5 mg/m1 
28.6 | 30.6 8 
22.6 | 22.6 0 
40.2 39.0 


TABLE 4 


Effect of Cysteine on the Activity of Monoamine Oxi - 
dase, Inactivated by Urea 


Amount {Amount of epine- |Change in 
of cracins phyine destroyed |enzyme ac- 
y in pg per tivity in % 
mg/ml of control 


0.: —-20 

1.6 : — 26 

1.6 59.4 | 37.8 —36 

1.6 | 41.0 | 36,2 —12 
TABLE 5 


Effect of Cysteine on the Activity of Monoamine 
Oxidase 


Amount of epinephrine 


h ‘ 
destroyed in p g/ml 


enzyme activity 


control | expt. in % of control 


a) Without cysteine 


42.2 29.8 —29 
40.2 26.6 —34 
39.8 28.6 —20 
41.0 37.8 — 8 
A7.8 40.6 —15 


b) In the presence of cysteine, 5 mg/ml 
30.0 37.6 
39.0 41.6 7 
37.8 39.0 4 
30.6 28.6 —6 


Since monoamine oxidase is a thiol enzyme, 
and urea in the concentrations used hastens oxidation 
of the SH group [10], we attempted to raise the enzyme 
activity by adding substances which contained a free 
SH group. We used cysteine and unithiol (sodium 2,3- 
dimercaptopropane sulfonate), 


First we studied the effect of urea on monoamine 
oxidase in the presence of thiol compounds. For this 
purpose, the enzyme was incubated with urea and thiol 
compound for 100-110 min ,then epinephrine was added, 
and, as usual, the change in activity of monoamine 
oxidase was determined over 4-5 hrs. Unithiol and 
cysteine were added in amounts of 1.6 mg/ml. 


Table 2 gives the results of these experiments. 
The decrease in enzyme activity under these condi- 
tions averaged 542.8%, The amount of inhibition in 
this series of experiments was less than in the experi- 
ments without thiol compounds (Table 1,b)by 20+ 7.5%. 


In the next series of experiments we studied the 
effect of unithiol and cysteine on the activity of mono- 
amine oxidase after the action on it of urea, In these 
experiments monoamine oxidase was incubated with 
urea for 110-120 min and then epinephrine and the 
thiol compound were added together. As usual, the 
change in enzyme activity was determined over 4-5 
hrs, 


From the result of the experiments shown in 
Table 3 it is clear that the change in enzyme activity 


compared to the control is small and varies between 
an increase and a decrease in activity. On the average, 
the enzyme activity returns to the starting level. 


Thus these concentrations of thiol compounds 
fully restore the enzyme activity when it has been in- 
activated by urea, 


Cysteine in smaller concentrations under the 
same conditions does not restore the activity of mono- 
amine oxidase (Table 4), The inhibition remains at 
25 4 3.5%, 


The results of these experiments show that the 
inhibiting action of urea on the activity of monoamine 
oxidase is connected with the thiol group of the enzyme. 
In order to clarify the mechanism of inactivation of the 
enzyme by urea, analogous experiments were made with 
cysteine, which is known to hasten the oxidation of SH 
groups to disulfides, 


In the first variant of the experiment cysteine 
was added to monoamine oxidase in the amount of 
3 mg/ml and incubation was continued for 70-80 min; 
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then epinephrine was added and the usual determinations were made for 3 hrs, 


As can be seen from Table 5,a, the activity of the enzyme decreases considerably; that is, cysteine acts 
in a manner similar to urea, The average decrease in monoamine oxidase activity {s 214 4.7%. 


When the monoamine oxidase was incubated with cystine in the presence of 5 mg/ml of cysteine, the in- 
hibitory action of cystine was fully suppressed (Table 5,b. Evidently, in the presence of cysteine, cystine acti- 
vates the enzyme somewhat (3%), but in our experiments this activation {s doubtful. 


DISCUSSION 


This study of the inhibitory action of urea on the activity of monoamine oxidase allows us to make some 
assumptions about the mechanism by which urea affects the enzyme activity. 


The results of the first series of experiments show that with simultaneous addition of urea and epinephrine 
to monoamine oxidase, the activity of the enzyme falls 641%, while with preliminary incubation with urea, the 
decrease is 254 7%, The reason for this difference may be that in the first variant the enzymatic destruction of 
epinephrine parallels the inactivation of the enzyme by urea, Evidently the decrease in activity of the mono- 
amine oxidase goes slowly and when it reaches a definite value, some of the epinephrine has had time to be de- 
composed, as is shown in the determination of the amount of decomposed epinephrine affected by the action of 
urea (6 41%). In the next variant the activity of the enzyme given a preliminary treatment with urea gives a 
clearer idea of the action of the urea on monoamine oxidase (25 + 7%). 


The SH-containing compounds, unithiol and cysteine, notably protect monoamine oxidase from inhibition 
by urea and fully restore the suppressed activity of the enzyme. This action of thiol compounds permits the as- 
sumption that the inhibiting effect of urea {s connected with its action on the SH group of the enzyme, 


The study with cystine,which oxidizes SH groups in vitro,gave results very similar to those obtained with 
urea, Cystine decreases the activity of the enzyme 214 5%, urea, 2547%, The activity of the enzyme in both 
cases is fully restored by the action of substances which contain the SH group. Hence we can conclude that the 
mechanism of the action of cystine and of urea on monoamine oxidase {s one and the same. 


The results of these studies justify the assumption that the inhibitory effect of urea on monoamine oxidase 
is related to the inactivation of the reactive SH group of the enzyme, This inactivation evidently proceeds by 
hastening the oxidation of the SH group, since, as was shown earlier [10], such concentrations of urea increase 
the oxidizability of the SH group. 

SUMMARY 


It was shown that urea (0.33 M) reversibly decreases the activity of the thiol enzyme,monoamine oxidase. 
The inhibitory action of urea is evidently connected with hastening the oxidation of the SH group of the enzyme 
and can be reversed by adding corresponding amounts of substances which contain the free SH group. 
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BIOTIN DEFICIENCY AND THE INDUCTION OF INCREASED TRYPTOPHAN 
PEROXIDASE ACTIVITY IN THE RAT LIVER 


A. A. Poznanskatia 


The Nitrogen Metabolism Laboratory, Institute for Biological and Medical Chemistry, 


USSR Academy of Medical Sciences, Moscow 


It has been shown in a previous communcation from this laboratory [1] that amylase synthesis in pancreas 
slices, as well as serum albumin synthesis in liver slices, was greatly depressed in chicks with biotin deficiency. 


It was concluded that biotin did not participate directly in protein synthesis. Its main function was shown 
to be connected with the synthesis of the dicarboxylic acids of the citric acid cycle; these acids were found to 
be essential for both amino acid synthesis and oxidative phosphorylation, the latter process being the energy~sup- 
plying element in protein synthesis, 


It has been shown by Ochoa et al, [2] that induced adaptive enzyme formation was inhibited in bacteria 
grown in biotin-deficient media, while Shanmuga Sundaram et al, [3] found that tryptophan oxidation was also 
inhibited in biotin-deficient Neurospora crassa; it was therefore of interest to investigate the adaptive formation 


of the tryptophan oxidase system in the livers of biotin-deficient rats, The present communication deals with this 
problem. 


EX PERIMENTAL 


Methods 


Albino rats (males, weighing 30-35 g) were made biotin-deficient by means of a diet containing dried egg- 
white as a source of avidin, which is known to form an inactive complex with biotin, The basic diet was that de- 
scribed for rats by Lardy et al, [4]. Each animal received a daily supplement of the following vitamins, in aqueous 
solution: 


Thiamine 30g Nicotinic acid 60 ng 
Riboflavin Choline 10mg 
Pyridoxine 304g Inositol 10mg 
Ca-pantothenate 150yug_ Folic acid 2.5 Ng 


The fat-soluble vitamins were added to the diet to give the following weekly supplement; A and D— 500 
I.U. each, E— 21 mg. 
Control animals were fed the same diet and received daily a subcutaneous injection of 1 yg of biotin. 


The deficient animals developed all symptoms of biotin avitaminosis in 6-8 weeks; growth ceased, animals 
lost weight (deficient animals weighed 60-80 g, compared to 110-130 g for controls), developed “spectacle eyes,” 
acute dermatitis and curved spines. Control rats developed well and gained weight rapidly. 


Tryptophan peroxidase (TP) adaptation was studied under the conditions described by Efimochkina [5] for 
TP assay and general experimental setup. The specific enzymatic activity of TP, that is, its ability to oxidize 
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of tissue per hr. 


of normal rats, when loaded with D,L-tryptophan, 


TABLE 1 


Increase in TP Activity in Livers of Normal and Vitamin- 
Deficient Rats During Tryptophan-Loading 


TP activity, p moles 
per g tissue 


without Lhr after 
loading tryptophan 
loading 


Control 2.0 12.9 

2.6 14.1 

14,5 

15.4 
Vitam-deficient 1.8 
| 43:2 

2.0 12.0 

| 


TABLE 2 


TP Activity in Liver Slices of Normal and Vitamin- 
Deficient Rats 


Control 8.6 
5 8.0 
8 7.0 
8.6 

Vitamin- 

deficient .0 
5 1.0 
5.0 
4.3 


tryptophan, was measured as decrease of added tryptophan during aerobic incubation of aqueous-saline liver ex~- 
tracts. TP activity in all tables has been expressed as micromoles of tryptophan oxidized per 1 g of wet weight 


RESULTS 


Knox and Mehler [6], and later Efimochkina [5], showed that TP activity increased several-fold in livers 


3 


Presented in Table are the results of TP activity 
assays, obtained in the present work in liver extracts 
from normal and biotin-deficient rats following intra- 
peritoneal D,L-tryptophan administration (100 mg per 
100 g of body weight), 


One hour after the intraperitoneal introduction 
of D,L-tryptophan to control animals the TP activity 
of the livers reached 12,5-15.4 moles (normally 2- 
3,3 # moles), Under the same conditions TP activity 
in the livers of biotin-deficient animals increased to 
nearly the same extent, reaching 11.5-13.2 » moles, 
as compared with 1.8-2.5 u moles in untreated animals, 
It thus follows that biotin deficiency did not, apparently, 
affect the adaptive formation of TP in the rat organism. 


It has been established by Efimochkina [5] that 
TP activity increased in surviving rat liver (slices) in 
the presence of added tryptophan, In view of this, in- 
duced increase in TP activity was investigated in the 
present work in vitro in liver slices of normal and bio- 
tin-deficient rats, 


Table 2 shows results of TP assays in extracts 
obtained from liver slices prior to incubation, after 
one hour incubation under oxygen in the absence of 
tryptophan and after incubation with 12 mg of L-trypto- 
phan, respectively. 


It will be seen from the results presented that TP 
activity of liver slices from normal animals increased 
3-4-fold on incubation in the presence of tryptophan, 
Under the same conditions TP activity in liver slices 
from vitamin-deficient rats increased 2-2,5-fold. Ab- 
solute values of TP activity in "adapted" liver slices 
from deficient animals were lower than those of the 
practically complete inhibition of amylase- and serum 


albumin synthesis in tissue slices from biotin-deficient chicks, the present difference does not seem sufficiently 
large to justify any conclusions about the disturbance in induced TP gain in surviving tissues from biotin deficient 


animals. 


DISCUSSION 


The experiments presented above failed to show any inhibition, as a result of biotin deficiency, of the in- 


duced TP formation in liver during in vivo loading with tryptophan, while the effect on tryptophan “adaptation” in 
surviving liver slices was barely significant. It should be remembered that protein synthesis has been shown to be 
severely inhibited in surviving tissues from biotin-deficient chicks [1]. 


It may be argued that the present results were due to the animals' not having developed a deficiency of 
sufficient severity. This argument, however, cannot be sustained in view of the rigorous biological control of the 


development of the deficiency throughout the period. 
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Lardy et al. [7] showed that the rate of ornithine conversion to citrulline was low in the "washed precipi- 
tate"fraction of liver homogenates from biotin-deficient rats compared with the same fraction from normal ant- 
mals, 


This phenomenon was used in the present work as a criterion of sufficiently advanced biotin deficiency in 
the experimental animals. In special tests with this system the fraction from normal rat livers synthesized 107 ng 
of citrulline in 15 min, while for vitamin-deficient rats the corresponding value was 45 pg. 


Twenty-four hours after a single injection of 100 yg biotin, citrulline synthesis in the washed precipitate 
fraction of livers from previously biotin-deficient rats reached normal levels under the standard experimental con- 
ditions, 


The results clearly show that the animals used in the present experimental series were in a state of sufficiently 
advanced biotin deficiency. 


Knox and Mehler [6], Efimochkina [5] and others [3, 8] concluded on the basis of various results that the in- 
duced increase in TP activity was due to rapid adaptive enzyme synthesis, 


The results obtained in the present work cannot be conciliated with the above conclusion, They may, how- 
ever, be explained by the assumption that the induced increase in TP activity was not connected with the de novo 
formation of enzyme protein, 


This assumption is confirmed by a number of findings. 


Lee and Williams [8], using both conventional analytical methods and isotopic technics, studied the effect 
of intraperitoneal D,L-tryptophan-loading on the “turnover rate" of liver protein and on the protein and nucleic 
acid content of the structural elements of the liver cells, It was shown that the increase in TP activity was ac- 
companied by a simultaneous loss of protein nitrogen from some cellular structures and an equivalent gain in others, 
The total protein content of the liver remained unchanged, The authors suggested that the increase in TP activity 
occurred as a result of some transformation or activation of preformed proteins or at the expense of the plastic ma- 
terial of the structural cell elements. 


The lack of inhibition of induced gain in TP activity during biotin deficiency in the case of surviving liver 
slices negates a possible connection between this process and protein neosynthesis. This point of view is also sup- 
ported by new evidence reported by Straub [9]. 


Straub et al, [9] found that liver contained a large amount of inactive, masked TP; under certain conditions, 
such as paper electrophoresis of liver extract, TP activity increased 30-40-fold as a result of enzyme “de-masking." 
Such de-maskiug could easily account for the substrate-induced increase in TP activity, which does not usually 
exceed 7-10 times the normal value, 


The adaptive increase in TP activities in Neurospora crassa cultures grown in the presence of tryptophan, 
which, as reported by the Indian workers [3], was depressed during biotin deficiency, was apparently a true inhi- 
bition of protein synthesis de novo, distinct from the outwardly similar phenomenon observed in the mammalian 
liver, 


SUMMARY 


It was shown that, in distinction to amylase synthesis in pancreas slices, andalbumin synthesis in liver slices, 
of biotin-deficient chicks [1], the tryptophan-induced increase of tryptophan peroxidase (TP) of the rat liver [6, 5] 
was not affected in vivo, and was only slightly affected in vitro, in biotin-deficient animals, 


The present results indicate that the adaptive increase in TP activity in mammalian livers was not connec~ 
ted with protein synthesis de novo. This conclusion was also supported by results of a number of other authors [8, 9]. 


The author wishes to thank Prof, A. E, Braunshtein for supervision of this work. 
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RIBONUCLEASE OF C, DIPHTHERIAE 


M. V. Smirnova and E. M. Karaseva 
Department of Biochemistry, Gamaleta Institute of Epidemiology and Microbiology, 


Academy of Medical Sciences of the USSR, Moscow 


A study of the activity of ribonuclease in a bacterial culture presents special interest in connection with the 
participation of ribonucleic acid (RNA) in the metabolism and biosynthesis of protein. 


Roth [1] has recorded the presence of a bond of intracellular ribonuclease from the exchange of RNA in the 
cytoplasm and nucleus of cells, The author has expressed the possibility of two ribonucleases in cells, one of 
which participates in degradation and the other in the synthesis of RNA when there {s a high concentration of in- 
hibitory elements, In this connection it {s interesting to note that Manson [2], on the basts of a study of the con- 
version of RNA in growing cells, considers that bacterial ribonuclease in vivo must be nonactive. McCarty [3] 
has shown the presence of tworibonulceases in Streptococcus hemolyticus, Ribonuclease was detected by the au- 
thor in the culture medium during the period of growth of the streptococcus. 


In a study of the structure of ribonuclease, it was established by Ledoux [4] that the SH=group was the active 
ribonuclease group. Miura and Nakamura [5] showed that Mn, Fe, and Ni ions did not change the ribonuclease 
activity of E. coli and Staphylococcus, and that Co blocked the activity of the enzyme. Lamanna and Malette 
[6] observed a significant inhibition of ribonuclease activity under the influence of magnesium ions. 


Zittle [7] and Minagawa [8] established a blocking action of enzyme activity in several chemical com- 
pounds, such as; salts of Cu, NaF, CHgl- COOH, NaNg and 2,4-dinitrophenol. 


Ledoux [9] noted an increase of ribonuclease activity under the influence of glutathione and sodium sulfite. 


Roth [10] showed that HO, and atmospheric oxygen did not change enzyme activity. 


The purpose of our workgwas an investigation of the conversion of ribonuclease of C, diphtheriae occurring 
under the influence of severa/themical compounds in the culture medium, 


METHOD 


Ribonuclease activity was determined by the method of Muggleton and Webb [11] with two-day cultures 
of C, diphtheriae, strain PW 8, grown on meat-peptone medium, pH 7.8, after having been washed three times 
with a physiological solution, 


For several experiments culture medium was inoculated with cultures which had passed through a Seitz 
filter and been lyophilically dried. 


After pulverization of the bacterial mass with glass powder a 10% bacterial suspension was prepared in a 
veronal-acetate buffer. The assay samples were made up of the following: 1 ml of a 10% bacterial suspension, 
1 ml of 0.5% sodium ribonucleate, 2 ml of veronal buffer with pH 7.0 and 2 drops of chloroform. Control experi- 
ments were set up with the bacterial suspension without RNA and with a boiled bacterial suspension for an esti- 
mation of depolymerization of RNA without ribonuclear participation. 


Incubation was maintained for 4 hrs at 37°, After sedimentation of nondepolymerized RNA with an equal 
volume of uranyl acetate, the residue was washed three times with a 1: 1 dilution of the uranyl acetate solution, 


| 
4 
it 
4 
219 


re 


Ribonuclease activity was determined on the re- 
maining nonhydrolyzed RNA,which was calculated by 
the total phosphorus method of Fiske and Subbarow. 


0 

an “d Ribonuclease activity in Fig. 1 is expressed in 
~ percentage of absolute dry weight. 

RESULTS 

20 


” In the study of the influence of pH on ribonuclease 
activity, the data in Fig. 1 show that the greatest acti- 
5 6 7 Spu vity of the enzyme was observed at pH 6 and the least 
at pH 8. We used a veronal-acetate buffer in all the 


Fig. 1. Influence of pH on ribonuclease activity of investigations, 


C. diphtheriae. 
- Ribonuclease activity was several times higher 
in the growing culture of C, diphtheriae than in the 

culture medium (Fig. 2). It should also be noted that 


70 activity was lower in a young culture of C, diphtheriae, 
16 This occurrence was apparently related to the presence 
2 of a large amount of RNA in the young culture. A sig- 
Fs nificant rise in enzyme activity was noted in old cul- 


tures of C, diphtheriae (Fig. 2). 


In the study on the influence of oxidation on ribo- 
nuclease activity it was established that HO, as well 
as the complex Fe + HO, did not change the enzyme 
Fig. 2. Ribonuclease activity in dynamics of toxin for- activity. Mn, Co, Ni, and Cucations taken in con- 
mation of C. diphtheriae, 1) Bacterial yield; 2) culture centrations of 107, 107?, and 107° M at pH of 6.7 and 
medium. 8, did not influence ribonuclease activity. Quite an 
increase in enzyme activity occurred under the influ- 
“ ence of calcium in contrast with magnesium fons (Fig. 3), 

which in our experiments completely blocked ribonu- 

clease activity. 


From the data presented in Fig. 3 it follows that 
cystine and cysteine and NagSOg, taken in concentrations 
Vow we of 107° M, increased the ribonuclease activity of C. 
diphtheriae 2-4 times in comparison with the control. 


Fig. 3. Influence of several chemical compounds on 
ribonuclease activity of C. diphtheriae. I) Control; 


Il) cystine; III) cysteine; IV) NagSO,; V) CaCl, 1 ribonuclease activity Of C, diphtheriae, namely M 
M: VI) Cac VII) Mg CH sodium azide and monoiodoacetic acid, it wasestab lished 
; 2: ; ; 2 ; 


IX) NaN that NaN blocked 95% of the enzyme activity, and 
i monoiodoacetic acid decreased its activity only by 20- 
-25% (Fig. 3). 


In studying the infgnence of several inhibitors 


SUMMARY 


An investigation of ribonuclease activity of C, diphtheriae showed that the maximum activity of the enzyme 
took place at pH 6; the enzyme activity was higher in an old culture of C, diphtheriae than in a young one, En- 
zyme activity was weaker in the culture medium than in the bacterial cell. 


Mn, Co, Ni, Cu, and Fe ions did not influence ribonuclease activity. Ca ions significantly increased enzyme 
activity, and Mg fons blocked activity. Cystine and cysteine and sodium sulfite sharply increased ribonuclease 
activity. Sodium azide and monoiodoacetic acid demonstrated a blocking effect on enzyme activity. 
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ASPECTS OF QUANTITATIVE DETERMINATION OF VITAMIN Bygg IN 
BLOOD SERUM USING E. COLI 


L. A. Mai and L. I. Iavorkovskii (with the technical assistance of E. I. Krumin') 


Republic Blood Transfusion Station of the Latvian SSR and Republic Clinical Hospital, Riga 


Methods of quantitative determination of vitamin By, assume special significance in respect to the specific 
role of the vitamin in blood formation and metabolism of nerve tissue. 


Because of their low sensitivity, chemical methods of determination known at the present time are inappli- 
cable for investigation of biological materials containing little of the vitamin — ofan order of magnitude lower 
than 100 pg/g(1 pg = 1 pug = 107" g). Determination of such concentrations of vitamin {s possible only with 
the help of microbiological methods of analysis. 


The method of determination of Byy with utilization of biochemically defective mutants of E. coli [1, 2], 
applied by Bukin et al. [3] and a number of other authors [2, 4, 6], possesses an essential advantage over other 
microbiological methods (simple experimental medium, short period of incubation), The opinion of some authors 
[7-10] about the insufficient sensitivity of the given method for investigation of biological fluids has not been justi- 
fied, and it has been broadly applied, especially in the USSR, for determination of the vitamin in milk, blood serum 
and urine [6, 11-14].* The suggested methods of determination, however, differ substantially from one another, 
which evidently also explains the differences in the amounts of vitamin content in blood serum of healthy individ- 
uals noted by various authors (Table 2). 


In the present work we have studied the problem, touching upon the more defined methods of quantitative 
determination of vitamin Byg in the blood serum with the use of E, colli. 


METHODS 


1, Preparation of Material 
a) Dilution of Serum 


In deciding upon the dilution of serum to be used, it is necessary to consider the sensitivity of the given mu- 
tant (culture) of E, coli to vitamin By and the concentration of the vitamin in the experimental serum (10-10,000 
pg/ml). For the mutant 113-3 studied by us,the optimum quantities of vitamin consisted of 10-20 to 75-100 
pg/ml, since this range corresponded to the logarithmic segment of the standard blood (see below). A 10-fold 
dilution of the serum proved satisfactory. Using from 0.5 to 2.0 ml of the diluted and treated serum and normal 
or slightly varied amounts of vitamin, we always kept within the indicated concentration range. 


With a drastic change in the vitamin content of the serum the optimum conditions of measurement could 
be preserved by diminishing or increasing the volumes of diluted serum: 20 to 10,000 pg/ml of vitamin concen- 
tration could be determined from 0.1-5.0 ml of serum. 2 ml of serum was sufficient for one determination, and 


* It is possible that the sensitivity of By,-deficient mutants increases with time, In 1953 Glass and Boyd [9] found 


that the sensitivity of E. coli 113-3 did not exceed 200 pg/ml of medium, whereas our culture of the same mutant 
possessed a sensitivity of 0.5 pg/ml. 
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after a 10-fold dilution and treatment,about 19 ml was available; this amount was adequate for setting up two 
parallel experimental series of 4 different concentrations (0.5, 1.0, 1.5, 2.0 ml) and two control specimens ( 2 ml 
each). 


b) Tieatment of Serum 


Untreated serum possessed only negligible Byg activity, since the vitamin (more than 90%) bound to the pro- 
teins (principally a4,a_-globulins) was microbtologically inactive, Therefore, for determination of the total 
activity of serum (total of bound and free vitamin) a separation of this bond was required which usually produced 
separate proteins at the {soelectric point. The fact 
that the optimum thermal stability of vitamin By (cyano- 
cobalamin) — pH 5 to 6 — was very close to this point 
favored this. 


For precipitation of proteins most authors boil 

the diluted serum which has been acidified with hydro- 

chloric acid. The method is unsuitable, however, since 

it requires unequal volumes of acid for each serum (1 

or 2 drops more or less of 0.1N HCI does not ensure com- 

plete precipitation of proteins), The acetate buffer sug- 

gested by Rosenthal and Sarett [15]has a distinct advan- 

tage. However, we have found that the 1% buffer indi- 
: sdeiemancee: 2 cated by these authors does not secure a complete pre- 


cipitation of protein and obtaining of aclear filtrate, 
O 20 30 W $0 60 70 80 90 100 100 120 199 140 15" 160 110 pg 
Amount of vitamin By With equal volumes of serum and buffer and a 10- 


fold final dilution of the serum a complete precipita- 
Fig. 1. Stimulatory influence of acetate on growth of tion of protein was not secured with less than a 50% buf- 
By-deficient E, coli 113-3 in experimental medium with fer (acetate buffer with pH of 4.63 + water, 1:1). The 
vitamin By4p. 1) Without acetate; 2) with acetate (0.2 pH of the solution was 5,5 + 0.1 after precipitation and 
ml of acetate buffer with pH of 4.63 in 10 ml). boiling. 


egree of turbidity 


Introduction of an fon acetate raises the question of its influence on the growth of E, coli. According to 
available data [16], acetate stimulates the growth and metabolic processes of ordinary strains of this microorganism. 
We also confirmed the stimulatory effect of acetate on the growth of a By-deficient mutant 113-3 (Fig. 1). 


It was established by a number of special experiments that the quantity of acetate buffer used by us for pro- 
tein precipitation (0,025-0.1 ml in 10 ml) had practically no effect on the growth of the organism. 


Potassium or sodium cyanide was used at the time of treatment for stabilization of By, and also for conver- 
sion of other cobalamins to cyanocobalamin; less often,sulfite, nitrite,or sodium thioglycolate was employed for 
stabilization, It is expedient to introduce the KCN necessary for stabilization in the form of a solution,1.2 ug/ml, 
which — in place of distilled water — dilutes the experimental serum. Thus, the final concentration of KCN in the 
treated material amounted to lug/ml (as in the experimental medium), This concentration guarantees sufficient 
stabilization of the vitamin with boiling and at the same time in the final dilution (5.5-7 ug /m1) does not inhi- 
bit normal growth of the bacteria. A 10-fold increase of the KCN concentration does not influence the growth of 
bacteria, possibly owing to the destruction of a large part of it at the time of treatment, In the absence of KCN 
our value for By, activity amounted to only 60% with rather wide fluctuations. 


We satisfied ourselves that the experimental specimens could be boiled in stoppered test tubes in a water 
bath rather than autoclaved, A 10-20-min boiling was sufficient to extract the vitamin from its protein complex. 
Increasing the boiling period to more than 40 min could lead to a decrease of By activity. 


ae Experimental Medium 


The simplicity of the experimental medium (minimal glucose and salt), cited by Bukin and associates [3], 
is one of the basic advantages of the method of vitamin By determination with E, coli, With repeated stabiliza~- 
tions an appreciable darkening of the medium occurred, which could be ascertained from photometer readings and 
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could be prevented by a separate sterilization of the 
salt and glucose solutions: in such a case the concen~ 
tration of both solutions was 2-fold more than that in- 
dicated by Bukin [3]; 1: 1 aliquots of the solutions were 
combined immediately before the experiment. 


Bw We did not find that the use of a “double medium* — 
o the same glucose~salt medium with double concentra- 
EI tions of the components — which is recommended by 

some authors [6, 7], produced any advantage, since 

% growth increased significantly only within the range 

bo of large concentrations of the vitamin (Fig. 2). The 

aA 


linear relation of bacterial growth to glucose concen- 
tration, observed in ordinary E, coli strains, did not per- 


0 10 20 30 4 £0 60 70 80 30 10010 120 160110 pg 
Amount of vitamin By» range of glucose and vitamin concentrations used by us. 


Fig. 2. Influence of glucose and salt concentration in 3. Control 
experimental medium on growth of By-deficientE, coli 
113-3. 1) Usual medium; 2) double medium. 


The biochemically deficient mutants of E. coll, 
which were sensitive to vitamin Byg, were also sensitive 
tomethionine [1, 2], which is related to the role of vitamin By in the synthesis of methionine from homocysteine. 
Methionine concentration in blood serum averages 8.5ug/ml, and the normal concentration of vitamin By is 17,000- 
42,500-fold less and, according to out data (see below) varied within the range of 200-500 pg/ml. Growth stimulation 
of various By,-deficient mutants of E. coli by vitamin Byg surpassed the corresponding effect of methionine ten 
to a hundred thousand times. We established that the proportion for our mutant 113-3 was 150,000 (see below). 
Hence, “total activity” of blood serum determined at 11-28% could be dependent on methionine, when it was 
present in the serum in the stipulated concentrations, 


In connection with this, control experiments with the destroyed vitamin (by means of boiling in alkaline me- 
dium with a pH of 12-13 for 15-20 minutes) had to be considered without fail. Disregard of the control experi- 
ments obviously leads to more or less increased values of vitamin By, content, which have been cited by several 
authors [6, 12]. 


Our data showed that the activity ("residual activity") which remained after destruction of vitamin Byg, 
consisted of 3 to 38%, on an average (from 52 determinations) of 14.8%. We did not observe a fixed relation be- 
tween the general activity and this residual activity. 


4, Standard Curve 


The standard curve (calibrated), obtained by photo- 
metric turbidity of the specimens from known amounts 
of pure crystallized vitamin By, was not uniform in re- 
spect to the regularity of bacterial growth from the 
amount of vitamin, According to its character it was 
close to the logarithmic curve, departing from it in 
the lower ranges (our mutants were 10-15 pg lower) 
and in the exceptionally higher concentrations (higher 
than 75-100 pg). In ranges from 10-15 to 75-100 pg 
the standard curve was an almost perfect logarithmic 
curve corresponding to the equation 


10 20 90 40 50 60 10 80 90 10010 120 190 140150 160190 180 
Amount of vitamin By C = a (log Ip — log I), 


Fig. 3. Growth curve of same culture of E. coli 113-3 
obtained at different times, 1) July, 1956; 2) May, 1957. 


where; C is the amount of vitamin By in pg; I is the 
index of turbidity (light-admissible) in %; Ip is the 
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indicator of turbidity for specimens without vitamin 


A (O-point); a is the constant, the value of which varied 
> a in our cultures at the time of the experiments from 260 
3 5 to 130 (Fig. 3). The level at which an increase of vi- 
€ D tamin concentration was not accompanied by an increase 
“ 65 of growth corresponded to 100-150 pg of vitamin (in 
an / 10 ml) for our cultures. The logarithmic section of the 
é r 9 standard curve, the levels of which could be varied 


(Fig. 4) for different Byy-deficient strains of E. coli and 
even for different cultures of the same strain, was the 
optimum range for determination of the vitamin in 
Fig. 4. Growth curve of three cultures of same By)- respect to reproduction as well as accuracy. 
deficient E, coli 113-3 grown out in different labora- 
tories. 


QO 5 10 15 20 25 95 40 45 50 55 60 65 
Amount of vitamin By 


In our work there were occasional instances of a 
sharp decrease of bacterial growth in the standard series 
down to a complete absence of growth, in spite of excellent growth of intermediate cultures (subcultures), Up to 
the present time we have not been successful in establishing the reason for these intermittent variations, which 
may possibly be due to loss of ability of the culture for synthesis of methionine, 


The more sensitive the culture is to the vitamin, the nearer the beginning of the logarithmic part of the 
curve is to the 0-point, and vice versa. Several curves obtained with different cultures from the same strain are 
presented in Fig. 4. 


5. Reproducibility and Accuracy 


We checked reproduction of results of vitamin By determination by three methods; 1) establishment of 3-4 

parallel series; 2) application of different amounts of experimental material; 3) addition of definite amounts of 
vitamin K to the experimental specimens (on recovery). 

TABLE 1 As a rule, the differences between the given parallel 
determinations were no more than 5-10% with a 
tendency toward an increase with high concentrations 
of vitamin, Reproduction of results obtained with vari- 
ous quantities of material depended on the vitamin con- 
centration in it (reproduction was usually poorest in the 
low and high ranges of concentration) and on the total 
character of growth curve in each concrete case, Re- 


Recovery of Vitamin By, Added to Experimental Mater- 
fal (After Treatment) 


Amt, of vita- 
min in exptl. 
material, pg 


bs oo covery of vitamin By added to the experimental mater- 
97 107.5 ial (after treatment) amounted to 90-110% in our ex- 
periments (Table 1), 
“a 4 
The above data prove that the accuracy of the 
method corresponds to the accuracy of other microbio- 
r, logical methods, that is, + 10-15%, 
6. Sensitivity 


As it has been shown above, the threshold of sensitivity of By,-deficient mutants of E, coli to vitamin By 
was not constant but depended on the strain used and the nature of the culture, and it could change significantly 
with time (see above), Noticeable growth was registered in our experiments even with vitamin concentrations in 
the order of 5 pg in 10 ml of medium. This sensitivity was markedly higher than that noted by other authors for 
By-deficient mutants of E, coli [1, 7, 9, 10] and close to the sensitivity of Euglena gracilis var. bacillaris [7, 18]. 


We determined methionine activity, which stimulated growth of our mutant culture 113-3, by the bacterial 
growth in media which contained different amounts of D,L~methionine (according to literary data, the biochemi- 
tr cally deficient E, coli utilizes both enantiomorphs equally well [20]), It proved to be approximately 150,000-fold 
ee less in comparison with vitamin Byg (Fig. 5). 
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L-histidine, the sensitivity of which has been re- 
% ported on some Byy-deficient strains of E. coli [3], did 

not stimulate bacterial growth even in a concentration 
exceeding that of vitamin By by 8 million-fold. 


7, Results of Vitamin Byz Determination 
in Blood Serum 


65 


According to our data, the vitamin By, concen- 

tration in blood serum of healthy individuals (52 pri- 

mary donors) fluctuated within ranges of 193 to 520 

pg/ml and averaged 341 pg/ml. In one instance the 
2 vitamin content was 130, and in three cases it was more 
than 520 pg/ml. We have arranged the data of other 
authors in'Table 2 for comparison, Our study on normal 
By, activity of blood serum correlates well with the data 
of other authors who used the Euglena organism, which 
Fig. 5. Growth curve of E, coli 113-3 in test medium possesses the highest sensitivity for vitamin By, (0.001 
with vitamin By, and D,L-methionine, 1) With vita- pg/ml [19}) of all the organisms used at the present 
min By; 2) with D,L-methionine. time. 
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Degree of turbidity 


/ 
10 20 30 40 50 60 70 60 $0 100 0 120 170 Pg 


15 20 45 60 25 90 tas Vitamin 
Amount of D,L-methionine inp g 


TABLE 2 


Vitamin By, Content in Blood Serum of Healthy Individuals According to Literature Data 


mount of vitamin 
By in pg/ml 


4) 
Organisms used for 
determinations 


Author Year 


Wolff, cited by [10] 1952 | Lactobacillus leichmannii 530 
Wolff [22] 1953 | ‘ 600 
Rosenthal, Sarett [15] 1952 24 v 80 —420 200 


Unglaub, Rosenthal, 
oldsmith [8] 
Nieweg, Faber, de Vries, 


1954 31 70—420 210 


Stenfest,°Kroese [23] 1954 36 300 1050 
; Ross [24] 1950 12 Euglena gracilis 350—750 490 
' Mollin, Ross [25 1952 65 | 100—720 358 
4 Mollin, Ross [26 1953 . 320 
Harris, cited in [10] 1952 59 
Pitney ,Beard,van Loon [27] 1954 122—460 195 
Weiss, cited in 1954 275—396 323 
Heinrich, Lahann [19] 1952 62 —460 238 
Watson, Riskin [28 1956 | 10 | 304—728 | 455 
, Watson, Riskin [28] 1956 30 Poteriochromonas stipitata| Q—275 44 
; Grossowicz, Aronovitch, | 
3 Rachmilewitz [6 ] 1954 30 Escherichia coli 200 —1000 
Milevskaia [12] 1956 5 700—1150 
3 Gershanovich [29] 1957 i 150—520 
: Markova [30] 1957 | 400—800 
Mai, Iavorkovskii 1957 52 193—520 341 


SUMMARY 


A microbiological method of vitamin By, determination with application of E, coli 113-3 possesses satis- 
factory sensitivity (0.5 pg/ml of medium) and is completely adaptable for a quantitative determination of vita- 
min By in blood serum, 


Aspects which have been studied deal with dilution and treatment of material, influence of treatment on 
bacterial growth, residual activity of serum not dependent on vitamin By, accuracy and reproduction of results 
and sensitivity of given method. 
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2 ml of serum was required for a determination; a vitamin concentration of 20 to 10,000 pg/ml could be 
determined. 


The vitamin content (By activity) in blood serum of 52 healthy individuals varied in ranges of 193-520 
pg/ml and averaged 341 pg/ml. 


We would like to express our gratitude to Professors V. N, Bukin and L, §,Kutsevafor submitting the culture 
of E. coli. 
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SULFHYDRYL GROUP CONTENT OF PROTEIN FRACTIONS OF 
RAT SERUM AND LIVER 


A. V. Aziavchik 
Physiological Chemistry Laboratory, The Institute of Biological and Medical Chemistry, 


USSR Academy of Medical Sciences, Moscow 


Comparative studies of the properties of serum and liver proteins, reported earlier from this laboratory [1, 2], 
showed that certain protein fractions from liver corresponded to some serum fractions, both in their electrophoretic 
mobilities and immunological properties. In order to investigate further the similarity between the corresponding 
liver and serum protein fractions, it was considered of some interest to investigate their respective content of SH 
groups, which influence considerably the properties of a given protein. A search of the literature revealed that 
existing results dealt only with the SH content of the total combined liver proteins, and that of albumins and com- 
bined globulins (3, 4], The present report deals with a more detailed investigation of this problem. 


EXPERIMENTAL PROCEDURE AND METHODS 


Livers were obtained from albino rats and were carefully perfused in situ with physiological saline to remove 
blood. The perfused livers were quickly removed, homogenized in a glass homogenizer and the saline-soluble 
proteins were extracted from the homogenates as described previously [1, 2]. The saline extracts, when obtained 
from the homogenates without preliminary freezing and thawing, contained 2.5% protein, while extracts obtained 
from frozen-thawed homogenates contained up to 4% protein, The various liver extracts, as well as the sera, were 
then subjected to electrophoresis in starch gel in veronal-medinal buffer (pH 8.6, ionic strength 0.18), with a po- 
tential gradient of 8 v/cm and current 20 ma, for 24-48 hrs. At the end of this period the protein bands were lo- 
cated by pressing a sheet of filter paper to the top of the starch block and developing the bands on the paper with 
a bromophenol blue reagent (0.5% bromophenol blue, 1% mercuric chloride in 2% acetic acid), With the stained 
strip as a guide, the starch block was cut into corresponding sections and the protein extracted from the latter with 
physiological saline. The extracts were assayed for nitrogen and for SH groups, using the amperometric method 
[5] and that described by Mirsky [6]. Separate portions of each fraction were also checked on paper electrophoresis, 
simultaneously with serum samples, The latter procedure allowed us to identify in the liver extracts the protein 
fractions corresponding to their serum counterparts. 


RESULTS 


The data obtained on the SH group content of the various liver and serum protein fractions are presented 
in Tables 1, 2 and 3. 


As will be seen from Table 1, the liver fraction, which in previous experiments has been identified with 
serum albumin both by electrophoretic and immunological criteria, contained only half the number of SH groups 
found in the serum fraction. This difference was observed when SH groups were estimated by either the ampero- 
metric procedure [5] or according to Mirsky, and could hardly be due to liver-protein denaturation during extrac- 
tion, since the latter process leads to an increase, and not to a decrease, in free SH groups. Since serum albumins 
are synthesized exclusively in the liver, from where they pass into the blood stream, it must be assumed that the 
changes in the SH group content occur during their passage through the various membranes which they encounter 
on their way into the vascular system. These data also permit the deduction that even considerable changes in 
the SH content of proteins do not affect their electrophoretic or immunological properties. 
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TABLE 1 TABLE 2 


Free SH Group Content in Serum Albumin and in Cor- Free SH Group Content in Serum a- and 8 -Globulins 
responding Liver Proteins with Similar Mobility and in Liver Fractions of Corresponding Mobility 
In p moles per g of nitrogen In p moles per g of nitrogen 


fraction corre- 
-globul nding to |I8-globulins sponding to serum 

to serum a-globulins erm lo- globulins 
ulins 


shete 
2h 
> 


Mean; 50. 


TABLE 3 A considerably smaller difference in SH group 
content was found when the serum a-globulins were 
examined in comparison with the liver fractions with 
which they corresponded electrophoretically and immuno- 
logically. The mean SH group content in the liver frac- 
tion was found to be somewhat higher than in the serum 
a-globulins (Table 2). However, since these fractions 
represent a complex mixture of several subfractions, it 

is quite possible that certain subfractions differ more 
significantly in their SH group content from their coun- 
terparts than was found to be the case with the entire 
fraction mean value, 


Free SH Group Content in Serum y -Globulins and in 
Liver Fractions of Corresponding Mobility 
In p moles per g of nitrogen 


fraction corresponding 


in mobility to serum 
y ~globulins 


y “globulins 


A more pronounced excess of SH groups was found 
in the liver fraction corresponding in mobility to the 
serum 8-globulins. The SH group content in this liver 
protein fraction was twice that of the B-globulins, It 
should be remembered that only 3-4% of this fraction 
was actually immunologically identical with the serum 
-globulins, 


The fractions with the lowest SH group content were the serum y-globulins and the liver protein fraction 
corresponding to them in its mobility (Table 3); in this fraction the difference between the liver and serum protein, 
in similarity with the a-globulins, was small. The proteins of this fraction do not correspond well immunologically, 
and in this respect only 5-7% of the liver protein fraction was found to be identical with the serum y-globulins. 


The results quoted above indicate a considerable variation in the SH group content in the various protein 
fractions of both liver and serum. The serum fraction with the highest SH group content was found to be albumin 


(mean content 50.4 4 moles per g nitrogen), while the fraction poorest in SH groups were the y ~globulins (17.9 
moles per g nitrogen), 


The liver fraction corresponding in mobility to the serum 6 -globulins was found to have the highest SH group 


content (mean, 51.0 moles per g nitrogen), while the fraction electrophoretically corresponding to the y -globulins 
gave the lowest values, 


4... 


Serum Liver Serum | Liver Serum _| __Liver 
54.9 25.0 20.9 16.0 38.0 
54.0 33.0 24.0 20.5 51.9 a 
58.0 31.7 18.5 33.0 57.0 
47.6 30.3 14.3 30.4 29. 50.4 
47.8 28.5 15.2 23.4 25, 44.7 
58.2 15.7 22.2 24.2 22, 55.6 
44.6 30.6 21.9 47.6 
54.5 32.9 27.6 57.4 
50.9 27.6 26.2 57.6 
7 | 
44.9 32.0 
49.0 Mean; 19.2| 24.4 25.6 51.0 
28.7 
4 
47.7 28.5 
23.9 25.0 
13.6 23.2 
11.4 19.8 
13.6 23.0 
13.3 
9.8 a 
Mean; 19.7 23.4 & 
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The present data do not permit any definite conclusions about the factors which contribute to the difference 
in SH group content between the electrophoretically and immunologically identical fractions — the albumins and 
their liver counterparts. The problem requires further study, particularly on the total sulfur content of purified 
preparations of these proteins. 


These investigations are presently in progress. 


SUMMARY 


The following content of free SH groups was found in individual fractions of rat serum prepared by electro- 
phoresis in starch (mean values, in p moles per g nitrogen); aibumin, 50.4; a-globulins, 19.2; 8B -globulins 25.6 
and y-globulins 17.9. 


The liver protein fraction which was found to be immunologically and electrophoretically identical with 


serum albumin had an average content of 28.7 4 moles of free SH groups per g nitrogen, that is, about half of that 
found for serum albumin, 


The free SH group content of the liver fraction electrophoretically similar to the serum 6 -globulin was, on 
the other hand, about twice that of the latter and averaged 51.0 p moles per g of nitrogen. 


The free SH group content of the serum a- and 8-globulins differed only slightly from that of their respec- 
tive liver protein counterpart, with which they correspond electrophoretically, 
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THE SYNTHESIS OF PHENYLALANINE FROM PHENYLPYRUVIC ACID 
IN HOMOGENATES FROM PEA SEEDLINGS 


V. L. Kretovich and Zh, V. Uspenskaia 


A. N, Bakh Institute of Biochemistry, Academy of Sciences, USSR, Moscow 


The question of the biosynthesis of phenylalanine in plants has not been studied so far, Phenylalanine is a 
very important essential amino acid which accumulates in considerable amounts in some plants [1]. 


The purpose of our work was to study the synthesis in plants of phenylalanine (PA) from its closest precursor 
which does not contain nitrogen, phenylpyruvic acid. For this study we used peas, which are rich in proteins and 
in which nitrogen metabolism is very active. 


EXPERIMENTAL 


Phenylpyruvic acid (PP) was prepared by the method of Kherbst and Shemin [2]; our preparation melted at 
153-154° which agrees with the literature, Since free PP is unstable in air, it was converted to the sodium salt by 
the method of Hemmerle [3]. 


The experiments were performed with 10-day-old pea seedlings of the "Zhegalovskii" variety, grown in the 
light in water, The cotyledons were removed and the plants were ground in a cold room at 3° with an equal weight 
of phosphate buffer 17,;M, pH 9.18. This gave a homogenate with pH 7.2, For an experiment we used 0.8 ml of 
homogenate. The substrate was sodium phenylpyruvate (Na-PP) at concentrations of 0.025-0,.15 M, Control tests con- 
tained water instead of Na-PP, The final volume of the reaction mixture was 1.2 ml. Incubation was continued 
for 3hrs at 37°, Attimesthe preparations were carefully shaken, To stop the reaction and precipitate the pro- 
tein, 7 volumes of 99% alcohol were added to the experimental mixture. The precipitated protein was removed 
by centrifuging at 2000 rpm for 5 min, Eight ml of protein-free filtrate was evaporated to dryness in a vacuum at 
35-40°. The dry residue was treated with 0.5-1.0 ml of water and the solution was filtered through a small filter. 
The clear filtrate was analyzed. 


Since the existing methods ofdetermining phenylalanine are not sufficiently sensitive or specific and do not 
permit determination of PA in the presence of PP, we turned to the method of descending paper chromatography. 
In the first series of experiments we worked with a mixture of butanol—acetic acid—water (4:1:5). However, 
when we used this system we found a strong effect of salts present in the mixture being studied, and the amino acid 
spots were drawn out and diffuse; phenylalanine was poorly separated from leucine, Therefore, we subsequently 
used buffer chromatography of amino acids by the MacFarren method [4]. This method calls for a preliminary 
treatment of the paper with a buffer solution of determined pH and saturation with this solution of the solvent used 
for chromatography. This method reduces the injurious effect of the salts and other substances present in the ex- 
tract on the separation of the amino acids. We used a single phase system of solvents; m-cresol—phenol—borate 
buffer with pH 8.3 (4: 2:1) described by Levy and Chung [5], This mixture assures an even distribution of amino 
acids on the chromatogram and is especially suitable for quantitative determination of glutamic acid. For the 
quantitative determination of phenylalanine we used the mixture o-cresol—phosphate buffer with pH 6.2, accord- 
ing to MacFarren [4]. The PA spot was clearly separated from the leucine spot, In some experiments we used the 
mixture phenol—phosphate buffer with pH 12 for the determination of glutamic acid. Phenol and o-cresol were 
first distilled with water, soda and metallic aluminum (with 0.5 liter of phenol or o-cresol we used 500 mg of 
metallic aluminum, 200 mg NaHCOsg, and 60 ml of twice-distilled water); they could then be kept without changing 
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color. Before an experiment, a determined amount of phenol or o-cresol was mixed in a separatory funnel with 
an equal volume of the desired buffer. After layering, which took 15-20 min, the lower layer was used as the 
solvent for chromatography. The buffer solution with pH 6.2 consisted of 80 ml 0.067 M KHgPO, and 20 ml of 
0.067 M NagHPO,; with pH 12, equal volumes of 0.067 M NagHPO, and NaOH. 


m-Cresol was distilled directly before the experiment, since it becomes colored very quickly on standing. 
The borate buffer with pH 8.3 was prepared by adding 0.1 N NaOH to 0.1 M boric acid to a pH of 8.3. For the 
chromatographic analysis we used “Leningrad slow" paper which was first freed from heavy metal ions by 8-hydroxy- 
quinoline, For this purpose a strip of paper 30 cm wide was treated with 1 ml of acetone containing 40 mg of 
8-hydroxyquinoline, added at the starting line from a pipet. The paper was put in the chromatographic chamber 
and 150-200 ml of 95% aqueous acetone distilled over KMnQ, was passed through it. Afterbeing washed with 
8-hydroxyquinoline it was drawn through thebuffer solution in a cuvette and dried. For better flow of the solvent, 
the lower part of the paper was scored with a fine-toothed comb. 


The solutions to be studied were placed on the paper in streaks 2.3 cm long with spaces of 1.7 cm between 
them. This gave better distribution of amino acids than adding them at one point, The solution to be studied was 
taken up in a thick capillary, sealed at one end, and was weighed on a dampered balance. A definite amount of 
solution, indicated by difference in weight of the thick capillary, was taken out with a fine capillary with a drawn 
out end. This liquid was placed on the chromatogram, The paper was dried off with benzene to hasten the addi- 
tion. 


The analysis was carried out in an atmosphere saturated with water vapor. The solvent was passed once 
through the paper; this required about 40 hrs for phenol and o-cresol, and about 50 hrs for the m-cresol mixture 
(on paper 40 cm long), Room temperature was used (18-20°), At higher temperatures (in summer) the solvent 
moved considerably faster. When passage of the solvent had ended, the paper was dried for 1 hr in air and then 
in a drying oven at 60° while air was blown through; 1 hr of such drying sufficed for the phenol mixture, and 2 
hrs for the o- and m-cresol mixtures, Longer drying or drying at higher temperatures caused colors due to decom- 
position. The dried chromatogram was developed by drawing evenly through a 2% solution of ninhydrin in dry, 
redistilled acetone, When the chromatograin from the phenol— phosphate buffer with pH 12 was used, 4% glacial 
acetic acid and 1% water were added to the reagent, and mixtures with o- or m-cresol called for a reagent with 
2% glacial acetic acid and 3% water. The addition of acetic acid was necessary to neutralize the buffers on the 
paper [6]. For qualitative purposes, a weaker ninhydrin solution (0.5-1%) could be used, The ninhydrin should be 
purified by recrystallization [7]. In developing the chromatogram only as much ninhydrin reagent should be used 
as is absorbed by the paper, since when too much is used, the amino acid spots are washed out. 


After treatment with the ninhydrin reagent, the chromatogram was dried for 2-3 min in air to remove ace- 
tone and then for 25 min in a drying oven at 60°, In the case of work with o-cresol it was necessary to follow the 
temperature especially carefully, since overheating caused the development of a blue background, The chroma- 
tograms used for qualitative purposes were fixed with an alcoholic solution of cupric nitrate (to 1 ml of saturated 
solution of Cu(NO 3), add 0.2 ml of 10% HNOg and dilute to 100 ml with 95% ethyl alcohol). 


For quantitative determination of amino acids by paper chromatography we used the method of Lissitzky and 
Laurent [8] which we modified somewhat. This method is based on the colorimetric determination of the color 
produced by the reaction of cadmium ions withcompounds formed from amino acids and ninhydrin, It was car- 
ried out as follows, The chromatogram developed by ninhydrin was put on a sheet of filter paper and the spots of 
a given amino acid were cut out, keeping the area of these spots the same, The paper was cut into small squares 
and put into test tubes. To each test tube was added 2 ml of 0.5% solution of cadmium chloride in 40% methyl 
alcohol (previously redistilled) and 4.0 ml of 40% methyl alcohol. As controls we used equal areas of filter paper 
which did not contain amino acid spots. Elution of the color lasted 1.5 hrs, with careful shaking of the tubes from 
time to time, Lengthening the period of elution to 5 hrs did not affect the intensity of the color, Elution took place 
in the dark. At the end of the elution the colored liquid was centrifuged at 2000 rpm for 10 min to remove the 
fibers of filter paper in the liquid. Then we measured the optical density of the clear, colored solution on a photo- 
electric colorimeter FEK-N-54 with a light filter N-4 (wavelength for maximum transmission coefficient was 
500 my). The values obtained on the colorimeter for the control paper were subtracted from the values for the 
amino acids, In special experiments we studied standard solutions of amino acids at three concentrations, For 
glutamic acid we used 2,5, 5, and 10 wg; for phenylalanine, 5,10 and 15yg. We found a direct proportionality 
between the results on the colorimeter and the amount of amino acid in the test. Therefore, we afterwards applied 


ws 
ig 
‘a 
ty 
ike, 
‘char. a 
233 


to each chromatogram only one test of a standard solution; for glutamic acid,10u g and for PA,10 yg and calcula- 
ted the content of amino acid in an experiment by proportion, The addition of a standard solution to each chroma- 
togram was necessary since even a small change in the conditions of chromatography, drying, or development of 
the chromatogram affected the results obtained. For a parallel determination, the same amounts of standard and 
test solutions were put on a second sheet of paper and the determination was run in the same way. We used the 
average of these two determinations, 


We also determined the concentrations of leucine, valine and serine in our solutions by the same method. 
The necessary conditions for determination of any amino acid by this method are the possibility of sharp separa~ 
tion of it from similar amino acids and the ability to give an intense violet color with ninhydrin, For any amino 
acid determination, it is most important to construct a standard curve and to show within what limits of concentra- 
tion of the amino acid this curve is linear, 


RESULTS 


Even in the first series of experiments on the synthesis of phenylalanine, made with the mixture of butanol— 
acetic acid— water, it was shown that in the suspension from pea seedlings PA was formed from Na~PP at the ex- 
pense of valine and leucine, It was difficult to find changes of aspartic and glutamic acids, since they were not 
separated in this mixture. 


The later experiments which used mixtures containing m- and o-cresol confirmed these findings and also 
showed that when Na~PP was added to the homogenate, the content of aspartic and glutamic acids also decreased, 


TABLE 1 


Formation of Phenylalanine and Decrease in Glutamic Acid in the Homogenate from Pea Seedlings in the Presence 
of Sodium Phenylpyruvate 


Added 
to 
homogenate 


lalanine Glutamic acid 
in pg per 1.2 ml of in mg perlg ing per1.2ml | in mg perl g 
exptl.smixture dry weight of exptl.mixture 


dry weight 
494.5 15.00 160.7 
179.4 5.59 340.1 


Na-~PP (experiment) 
H,O (control) 


Increase in PA 
% increase in PA 
Loss in glutamic acid 
The same in % 

Ratio of expt./control 
Ratio of control/expt. 


TABLE 2 


Loss of Leucine and Valine in the Homogenate from Pea Seedlings in the Presence of Sodium Phenylpyruvate 


Added 
to 
homogenate 


in wg per 1.2 ml of pring in pg per 1.2 ml 
exptl mixture weight of exptlemixture 


154.5 4.84 188.6 
182.6 5.72 227.8 


—0.88 


in mg perl g 
weight 


Na-PP (experiment) 
H,O (control) 


Loss of leucine 
% loss of leucine 
Loss of valine 

% loss of valine 
Ratio of control/expt. 


| 
: 
# 
315.1 9.41 
176.0 
—1179.4 —5.60 
55.4 
| 
| 
a 
| 
ine 4 
| ond 
15.4 
| —39,2 
| 17.1 
1.2 
% 
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Aspartic acid 
Glutamic acid 


Serine 
Asparagine 


Alanine 
+ 
Glutamine 


Valine 


Leucine 


Phenylalanine 


Chromatogram of the extract from pea seedlings. 
a) Control (adding H,O to the homogenate); b) ex- 
periment (adding Na-PP to the homogenate at final 
concentration 0.15 M). 


On a typical chromatogram (Fig. 1) obtained with 
a mixture of m-cresol—phenol—borate buffer, pH 8.3 
(4: 2:1) we see the synthesis of PA and the decrease 
of glutamic acid, aspartic acid, serine, valine and leu- 
cine when Na-PP at a concentration of 0.15 M is added 
to the pea seedling homogenate, 


We ran an experiment in which we determined 
at the same time the amount of PA formed and the loss 
in glutamic acid in the homogenate of pea seedlings 
(deprived of roots and cotyledons) in the presence of 
Na-PP. The PA was separated from the other amino 
acids in the mixture by o-cresol— phosphate buffer with 
pH 6.2, and the glutamic acid was separated with the 
mixture of m-cresol—phenol—borate buffer with pH 
8.3 (4:2:1). The final concentration of Na-PP in the 
homogenate was 0.1 M, The moisture in the seedlings 
was 92%, The results of this experiment are given in 
Table 1. 


TABLE 3 


Effect of Hydroxylamine on the Synthesis of Phenyl- 
alanine from Na-PP in Pea Seedling Homogenate 


PA in Inhibition of 
Added 
ug per 1.2 Increase | synthesis under 
ml of the influence of 
experimental hydroxylamine 
mixture 


to the 
homo- 
genate 


Na-~PP (1) 

Na~PP + 
hydroxy- 
lamine 


(I) 


This shows that when Na~PP was added to the pea 
seedling homogenate,315 ug of PA was formed and 179 
ug of glutamic acid was lost, that is, per mole of PA 
formed, about 0.63 mole of glutamic acid disappeared. 
The PA content in the homogenate rose 2,7 times and 
the glutamic content decreased 2.1 times, 


In two other separate experiments we determined 
the loss of leucine and valine in the pea seedling homo- 
genate in the presence of 0.1 M Na-PP, 


The data from this experiment, given in Table 2, show that leucine and valine are used up to a lesser de- 
gree than glutamic acid when Na-PP is added to the homogenate, Their loss is only 1.2 times. 


Thus, in the homogenate from pea seedlings there occurs a transamination reaction between the added phenyl- 
pyruvic acid and the free amino acids of the homogenate — aspartic and glutamic acids, serine, valine and leucine— 
as a result of which there is an increase in PA and a loss of the corresponding amino acids, 


To confirm that this synthesis of phenylalanine actually occurs by a transamination reaction, we added hydroxyl- 
amine to the experimental mixture; this greatly inhibits the transamination reaction [9,10] by binding the CO group 
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of phosphopyridoxal. In this experiment the concentration of Na-PP in the homogenate was 0.1 M, and the hydroxyl- 
amine concentration was 0.05 M, The results are given in Table 3, 


The data of Table 3 show that hydroxylamine sharply inhibits synthesis of PA in pea seedling homogenate. * 
At the same time the chromatogram showed that in the presence of hydroxylamine and Na~PP together there is 
considerably less loss in glutamic acid than in the presence of Na-PP alone. Thus the experiment with hydroxyl- 


amine confirms the participation of the transamination reaction in the synthesis of PA from Na-PP in pea seedling 
homogenates. 


We showed by qualitative paper chromatography that at pH 7.2 the synthesis from Na-PP in pea seedling 
homogenate proceeds more intensively than at pH 5.1 and somewhat more intensively that at pH 8.5. There- 
fore, in all further experiments we used homogenates with pH 1.2. 


To compare the intensity of the synthesis of phenylalanine from Na-PP in different parts of the plant we 
tried experiments in which we used homogenates from the seedlings and from the roots of peas, 


The results are given in Table 4. 


TABLE 4 


Synthesis of Phenylalanine from Sodium Phenylpyruvate in Homogenates from Seedlings and Roots of Peas 


H,O Increase % increase 
control in PA in PA 


Homogenate 
used 


Na-PP 0,025 M 
experiment 


Ratio of 
expt./control 


Homogenate from pea 

seedlings 
Homogenate from pea 
roots 


TABLE 5 Thus, although the absolute content of PA in roots 
is considerably lower than in the seedlings, the intensity 
of synthesis of PA in the roots is somewhat higher. 


Effect of Na-PP Concentration on Synthesis of Phenyl- 
alanine in Pea Seedling Homogenates 


We were also interested in the question of how the 
concentration of sodium phenylpyruvate affects the syn- 
thesis of phenylalanine in pea seedling homogenates. 


Concentra- 
tion of 
Na-PP, M 


Increase in PA in | Increase in PA in 
fg per 1.2 ml of | mg per g dry wt. 
reaction mixture | of seedling 


The results of the experiments in which we used 
oe sane three concentrations of Na-PP are given in Table 5 
0.05 8.46 
; 0.1 9,84 This shows that with increasing concentration of 


Na-PP the synthesis of phenylalanine increases, though 
slightly, Thus, by increasing the concentration of Na-PP from 0.025 to 0.1 M, the synthesis of PA increased only 
27%. Evidently even at concentrations of 0.025 M there is almost full saturation of the enzyme by the substrate, 


We calculated that atan Na~PP concentration of 0.025 M the amount of PA formed corresponded to only 5% 
of the amount which would be formed if the transamination reaction were complete. In the work of Rowsell [11] 
on the transamination reaction between phenylpyruvic acid and glutamic acid in rat liver preparations, 4 hrs of 


incubation gave 40% transamination, Thus it is clear that in plant organisms this reaction goes less intensely than 
in animals. 


Since Kretovich and Iakovleva [12] found a strengthening of the formation of glutamic acid from a-keto- 
glutaric acid in pea seedling homogenates under the influence of adenosine triphosphate (ATP) and magnesium ions, 
we studied the effect of these compounds on the synthesis of phenylalanine from Na-PP. The final concentration 


of ATP in the homogenate was 0.01 M and the MgSO,, 0.003 M. The results of these experiments are given in 
Table 6. 


* In experiments with homogenate from pea seedlings Kretovich, Bundel and Stepanovich showed an analogous 
inhibition by hydroxylamine of the synthesis of glutamic acid from a-ketoglutaric acid. 


a 

365.1 159.1 206.0 130.0 2.3 = 

191.9 68.6 123.3 180.0 2.8 
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TABLE 6 


Effect of Adenosine Triphosphate and Mg Ions on the Synthesis of Phenylalanine from Sodium Phenylpyruvate in 
Homogenates from Pea Seedlings and Roots 
PA in pg per 1.2 ml of experimental mixture 


Na-PP, ATP, % increase in| % increase in 


I at Na-PP H,O 
phenylalanine | phenylalanine 
used (expt. II) (control) 


Homogenate from pea seedlings 
Homogenate from pea roots 


Addition of ATP and Mg fons to pea seedling homogenate has almost no effect on the synthesis of PA from 
Na~-PP, and in the homogenate from pea roots it even decreases the synthesis slightly, Thus in the homogenates 
ATP acts somewhat differently on the syntheses of glutamic acid and phenylalanine from the corresponding keto- 


acids, 
SUMMARY 


In homogenates from green seedlings of peas the synthesis of phenylalanine occurs by transamination between 


glutamic and aspartic acids and phenylpyruvic acid. Weaker reactions occur between phenylpyruvic acid and serine, 
valine and leucine, 


The synthesis of phenylalanine from phenylpyruvic acid {s strongly inhibited by hydroxylamine. The effect 
of concentration of phenylpyruvic acid and of adenosine triphosphate and magnesium ions on the synthesis of phenyl- 
alanine was studied. 
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DATA ON THE FORMATION OF POLYPHOSPHATES IN YEAST CELLS 


E, Bukhovich and A, N. Belozerskii 


(Faculty of Biology and Soil Science, M, V, Lomonosov Moscow State University) 


There has recently been a good deal of research on the biosynthesis of polyphosphates, due to the active 
participation of these compounds in the metabolic processes of certain lower organisms, Among reports appear- 
ing recently [1-4] the possibility of formation of polyphosphates in an acid-insoluble fraction with subsequent 


7 passage to an acid-soluble fraction is indicated, and in the opinion of some authors [1, 2, 4], formation of the 
polyphosphates in the acid-insoluble fraction proceeds with participation of ribonucleic acid (RNA), However, 
: it should be noted that these leading theories require further study and clarification, 
& q y 
| In the present study we undertook an investigation of whether the use of radioactive P®? could help in 


arriving at a decision as to the means of biosynthesis of polyphosphates and the effect of some factors on the 
formation of this important and special group of compounds, 


EXPERIMENTAL 


Baker's yeast was used in the investigation, It seemed expedient to study the synthesis of polyphosphates 
in yeast at that stage of their development when the cells are involved in intensive synthesis of these compounds, 
According to the literature [5-8], particularly intensive synthesis of polyphosphates can be observed in the period 
of enrichment of yeast with phosphorus after their preliminary depletion of this element, 


On this basis, in each individual test, baker's yeast (2 g fresh yeast per 100 ml nutrient medium) was grown 
on a liquid synthetic medium without phosphorus at 27° and with intense aeration [5, 6], so as to deplete it of 
phosphorus, The yeast was then separated by centrifugation, washed with tap water, and transferred to a new 
nutrient medium of the same composition, but containing phosphorus [5, 6], and with cultivation being conducted 
under the same conditions, So as to clearly observe enrichment of the yeast with phosphorus and the formation of 
polyphosphates from the medium under these conditions, samples were taken for analysis at the following periods: 
15 min , 30 min, 1 hour, 2 hours and 3 hours, In each sample the yeast was separated by centrifugation, washed 
with water, fixed with alcohol and after multiple washings with alcohol and ether, dried in a vacuum desiccator, 


The described method of yeast cultivation was used in setting up the tests, different variations of which will be 
described below. 


In the yeast samples obtained, the following forms of phosphorus were determined; total, mineral, labile 
soluble, polyphosphate soluble fraction, total acid soluble, labile acid soluble, and total acid insoluble, As in 
the case of previous work in our laboratory [1, 2, 6] extraction of the acid-soluble form of phosphorus was carried 
out with 5%, trichloracetic acid (TCA) in the cold, In this fraction the mineral phosphorus was determined 
directly in the TCA extract; the labile phosphorus after 10-min hydrolysis by N HCI at 100° (taking into account 
the mineral phosphorus) and polyphosphate phosphorus contained in a given fraction determined by the magne- 
sium precipitate of labile phosphorus [9, 6]. 


The total yeast phosphorus, acid soluble and acid insoluble fractions were determined after ashing with 
HC10,4. In addition, the quantity of polyphosphates in the acid insoluble fraction was judged by the content of 
the labile phosphorus of this fraction after 30 min hydrolysis with 5% TCA at 90° [1, 6, 10], 


Thus the various forms of phosphorus were finally transformed to orthophosphate, which was determined by 
the method of Berenblum and Chain as modified by Weil-Malherbe and Green [11] with minor changes, 
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The content of stable acid soluble phosphorus, as well as the content of stable acid insoluble phosphorus 
(RNA-P), were established by appropriate calculations, 


In the tests with radioactive P* for determination of the specific activity, the same principle of fractiona- 
tion of the various forms of phosphate was used, The finally formed mineral phosphate was transformed to 
phosphomolybdic acid which was extracted from the appropriate solution by a mixture of isobutanol-benzene 


(1:1), and after evaporation of the solution to dryness the degree of radioactivity was determined with a Geiger- 
Muller counter, 


Investigation of Polyphosphate Synthesis in Yeast Cells 


For the study of polyphosphate synthesis and its relation to other phosphorus compounds, the determination 
of various forms of phosphorus in yeast during enrichment was conducted under the conditions and in the periods 
indicated above, Replicate tests gave concordant results, 


In Table 1 are given the results of a typical test, 


TABLE 1 


Content of Various Forms of Phosphorus in Yeast During Enrichment with Phosphorus, % on Dry 
Yeast Basis 


Time of yeast en- - 


tichmient with P eral |labile|stable| total |labile| stable | total 


Original yeast 
15 min 


30 min 
1 hr 
2 hrs 
3 hrs 


From the data in Table 1, attention is immediately drawn to the fact that right after placing of the yeast 
in a phosphorus-containing nutrient medium, there begins a rapid intensive formation of insoluble polyphosphates, 
judging by the increase in the labile form of phosphorus in the acid-insoluble fraction, Already after 1 hour the 
content of insoluble polyphosphates reaches a maximum, and then begins to decrease slowly, As for the labile 
form of phosphorus in the acid-soluble fraction, its formation shows a considerable lag and only in the first hour 
of enrichment can there be observed a significant increase, These data may indicate that the synthesis of poly- 
phosphates actually proceeds in the acid-insoluble fraction, In addition, the further decrease in the content of 
insoluble phosphates and simultaneously the increase in the labile form of phosphorus in the acid-soluble fraction 


may indicate a transfer of insoluble polyphosphates into their soluble form, To clarify this question, we set up 
other tests using radioactive e. 


In these tests the yeast was enriched with phosphorus in the same way as has been described above, with 
the only difference that in the first 10 min the yeast was held in an ordinary nutrient medium to which was added 
radioactive P*? in the amount of 500 uC per ml medium, After 10-min holding in the radioactive medium (in- 
cluding the time for incorporation and centrifugation), the yeast was centrifuged, carefully washed with nutrient 
medium without P**, and transferred to a new medium not containing radioactive phosphorus in which further 
enrichment with phosphorus was carried out, In the period of enrichment of the yeast on the new nutrient me- 
dium, samples were taken for analysis after 10 min , 20 min , 30 min , 1 hour, 1,5 hours and 3 hours, Each 
yeast sample was centrifuged, carefully washed with tap water and fixed with strong alcohol, In the dry yeast 
samples the determination of the various forms of phosphorus was carried out by the methods indicated above, 
and the specific activity of the individual fractions was also conducted, It should be noted that in the giventests, 
special attention was given to the acid-soluble polyphosphates, In this connection we carried out their precipita- 
tion in the acid-soluble fraction with magnesium mixture and then determined the activity after solution with 


12.5 | 0.92 | 0.16 | 0.06 | 0.23 | 0.45] 0.06 | 0,44 | 0,50 
1.54 | 0.40 | 0.13 | 0.25 | 0.78 | 0.25] 0.53 | 0.78 
i” “= 2.05 | 0.44 | 0.19 | 0.32 | 0.92 | 0.45 0.80 1.25 te 
we -- 2.48 | 0.48 | 0.35 | 0.43 | 0.96 | 0.70 0..82 1.52 2 
2.51 | 0.35 | 0.57 | 0.22 | 1.14] 0.66 | 0.73. | 1.39 
a 16.1 2.52 | 0.17 | 0.72 | 0.29 | 4.18 | 0.60 0.73 1.33 ie 


HCl of the magnesium precipitate after preliminary separation of orthophosphate in the form of phosphomolybdic 
acid and extraction of the mixture with isobutanol-benzene, 


Analyses of this test in terms of the magnitude of specific activity of the separate yeast phosphorus fractions 
are given in Table 2, 


TABLE 2 


Specific Activity of Individual Yeast Phosphorus Fractions at Various Periods of Enrichment with 
Phosphorus in muC P™ /mg P 


Acid-soluble P Acid-insoluble P 


tabi 
| phate 


Total 
Pp min- 
ral 


Time of enrichment 
of yeast with P 


total} labile 


stable | total 


In radioactive med. 
10 min 

In ordinary medium 
10 min 
20 min 
30 min 
1 hr 


1.5 hr 
3 hrs 


=~ 


be 


In considering the data of Table 2, it follows that radioactive P® in the first minutes after addition of the 
yeast to the radioactive medium accumulates to the largest degree in the form of mineral phosphate in the 
stable form of phosphorus in the acid-soluble fraction, After that an unusually rapid activity begins to localize 
in the polyphosphate acid-insoluble fraction, already attaining a maximum after 30 min, The activity of this 
fraction then rapidly falls and at the same time in the acid-soluble fraction there is activity in the acid-soluble 

polyphosphates, The results of this test very evidently 
indicate that formation of polyphosphates proceeds in the 


Bee so abieale af acid-insoluble fraction, In addition this test also indicates 
that polyphosphates of the acidsoluble fraction form 

85 - i / evidently at the expense of the polyphosphates of the 
acid-insoluble fraction, This conclusion follows very 

9 um / be clearly from the graphic representation of the changes 
in the specific activity of these two polyphosphate frac- 


50 on 50 tions (Fig, 1), 
Enrichment time, min 
Influence of Some Factors on Polyphosphate 


Fig. 1, Curve of the relationship of specific : - 
Synthesis 


activity to time for two polyphosphate fractions, 
1) Acid-insoluble; 2) acid-soluble, We were interested in the question as to what in- 
fluence anaerobic conditions and inhibition of oxidative 
phosphorylation has on biosynthesis of polyphosphates which form in the acid=insoluble fraction, This was of 
particular interest since previous tests in which intensive formation of polyphosphates was observed were con- 
ducted under aerobic conditions, 


To elucidate this point, the following tests were set up: 1) depleted yeasts were enriched with phosphorus 
for 3 hours by the usual method as described earlier; 2) depleted yeasts were enriched with phosphorus for 3 hours 
on the same nutrient medium without aeration and with a tenfold increase in sugar content in the solution (10%), 
that is, under fermentation conditions; 3) depleted yeasts enriched with phosphorus for 3 hours on the same 
nutrient medium and with aeration but with addition to the medium of dinitrophenol (DNP) at a concentration 


of 2-1074M in one test and at 6+ 10-4 M in another, that is, under conditions of inhibition of oxidative phospho- 
rylation, 


Dry 

in g 

6.2| m [18 | 0.0] 62 178 | 3.2| 6.5 | 5.9 
1.5| 0.0] 38 | 13 8.0 8.9 

14 | 0.0] 20 | 23 7.9 | 412 
8113 | 0.0] 18 | 25 6.9 | 13 

1.7/12 | 2.7] 12 | 8.9] 45 7.3 | 10 
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In all these tests samples were taken each hour for analysis with the exception of the test variant with 


2-10-4 M DNP where only one sample was taken after 3 hours, Treatment of the samples and reduction of the 
yeast to dryness was conducted as described above, 


In Table 3 are given the analyses of the various forms of phosphorus in the yeast obtained as a result of 
these four different tests, 


TABLE 3 


Content of Various Forms of Phosphorus in Yeast Obtained Under Different Test Conditions (as % 
of dry yeast) 


Acid-soluble P Acid-insoluble P 
Test 


Original depleted 

yeast A 0.16 
Enriched by usual 

means 15 | 0.38 
The same y 0.30 
The same as 0.59 we 
Enriched under fer- 

mentation cond’ ns 1.8 
The same .92 1 0. .20 
The same 3. 3 
Enriched in presence 

of 2: 10-4 M 

DNP 
Enriched in the 


presence of 
0-* M DNP 
The same 
The same 


ooo 
auc 


From the data in Table 3 it follows that without aeration and under fermentation conditions, although poly- 
phosphate synthesis proceeds, it is much less intensive by comparison with aeration conditions, This conclusion 
becomes particularly clear if it is kept in mind that in the latter case there is a considerable increase in yeast 
mass while there is practically no increase under fermentation conditions, It is also of interest to note that in 
contrast to aerobic enrichment, under fermentation conditions there is no accumulation of acid-soluble phosphates, 


The test variant with DNP (Table 3) indicates that when this inhibitor of oxidative phosphorylation is 
present , there is a complete stoppage of polyphosphate synthesis in the acid insoluble fraction, which in turn 
leads to absence of polyphosphates in the acid soluble fraction, The inhibitory action of DNP on the synthesis 
of polyphosphates is very clearly seen in the test with addition of P**, In this experiment enrichment of the yeast 
was carried out on the same nutrient medium with DNP at a concentration of 6- 10~4 M in addition to radioac- 
tive P® at a level of 50 uC per ml medium, Enrichment in the radioactive medium proceeded for 3 hours, 
Samples for analysis were taken after 1 and 3 hours, 


Results of the analyses obtained in the tests and expressed in specific activity of various yeast phosphorus 
fractions are given in Table 4, 


DISCUSSION OF RESULTS 


From our tests it can be seen quite conclusively that polyphosphate synthesis in yeast proceeds in the acid- 
insoluble fraction, This follows from the analytical data as well as the tests with the addition of radioactive P*, 
From the data obtained it can also be concluded that acid-insoluble polyphosphates form secondarily from the 
acid soluble polyphosphates, This conclusion is in accordance with observations made previously by a number of 
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investigators [1-4], It is very evident that polyphosphate formation as proposed by several authors [1, 2, 4] pro- 
ceeds in the acid insoluble fraction with participation of RNA, But in our experiments this question was not 
especially studied, It should be noted that in all cases where there proceeds an increase in polyphosphate content 
there is at the same time observed an increase in RNA content; the latter can be judged on the basis of the 
content of the stable form of phosphorus in the acid-insoluble fraction, Evidently, this relationship is not acci- 
dental, 


TABLE 4 


Specific Activity of Individual Yeast Phosphorus Fractions Upon Phosphorus Enrichment and Presence 
of DNP and Radioactive P* (specific activity in muC P**/ mg P; DNP—6- 10-4 M) 


Enrichment Total Acid-soluble P Acid-insoluble P 
time in hrs p 
abe | 
2 41 1.8 


41 


From the data obtained with use of radioactive P®* (Table 2), it can be concluded that during synthesis of 
polyphosphates in the acid insoluble fraction, both the mineral and stable forms of phosphorus are used, On the 
other hand, the tests with DNP indicated that polyphosphate synthesis is completely stopped when oxidative phos- 
phorylation is inhibited, Comparing these facts, it might be thought that at the beginning the mineral phosphate 
is involved in some stable acid soluble form of phosphorus and after the latter (as a result of oxidative phosphory- 
lation in the course of which there is an increase in the phosphate bond) is used for the synthesis of polyphosphate 
compounds characterized by a greater store of energy [12], The course of these transformations can be presented 
schematically as follows: 


Mineral phosphate --———— Acid-soluble stable Oxidative phos- 
phosphate phorylation 


Acid-insoluble Aciésoluble polyphosphates 


polyphosphates 
Utilized in synthesis 


The experiments with DNP also show that as a result of inhibition of oxidative phosphorylation, the syn- 
thesis of RNA also ceases, It should not be excluded that inhibition of RNA in this case is related to cessation of 

polyphosphate formation evidently necessary, as has been shown earlier [1, 2, 5-7, 10] for synthesis of this nucleic 
acid, 


It is of interest to note that the most intensive synthesis of the acid-insoluble polyphosphates is observed 
under aerobic conditions, that is, under conditions favorable to growth and multiplication, Under anaerobic con- 
ditions, that is, under fermentation conditions, although polyphosphates form, the intensity of this synthesis is 
much lower than under aerobic conditions, In this respect our observations are in accordance with those of 
Hoffman -Ostenhof et al [8], On the other hand, in contrast to these authors, we did not observe any formation 
of acid-soluble polyphosphates under anaerobic conditions with yeast enrichment by phosphorus for 3 hours, 


SUMMARY 


It was shown by means of P® that in yeast enriched in phosphorus under aerobic conditions synthesis of 
polyphosphates takes place, 


There is ample ground to assume that primary synthesis of polyphosphates is accomplished in the insoluble 
fraction with subsequent transition of same to the acid-soluble one, 
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Inhibition of oxidative phosphorylation by DNP results in a complete stoppage of polyphosphate synthesis, 


Polyphosphates are obviously synthesized from orthophosphate via stable phosphorus compounds of the acid 
soluble fraction and as a result of oxidative phosphorylation, 
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LIVER a-1,6-DEXTRANGLUCOSIDASE 


I. S. Lukomskaia and E, L. Rozenfel'd 


Department of Physiological Chemistry, USSR Academy of Sciences, Moscow 


The presence of a dextran-hydrolyzing enzyme in various tissues, namely spleen [1], liver, kidney, lung, 
brain and muscle [2], has already been reported from this laboratory, Further studies of the properties of this en- 
zyme indicated that it hydrolyzed a-1,6-bonds of dextran with the formation of glucose and "residual dextran." 


In view of its mode of action the enzyme was termed a-1,6-dextranglucosidase. 
The present communication deals with the properties of liver a-1,6-dextranglucosidase. 


Rabbit livers, obtained from 24-hr fasted animals, served as a source of the enzyme. The liver contained 
only traces of glycogen, which greatly facilitated enzyme preparation. 


The liver was excised immediately after the animals’ death, homogenized with 1.5-2 volumes of 0.2 N 
acetate buffer (pH 4.8), the suspension extracted for 30-40 min and centrifuged. Solid ammonium sulfate was 
added to the supernate (21.6 g per 100 ml) to produce a saturation of 0.3. 


The protein precipitate which formed at 0.3 saturation was rejected, and the supernate was treated further 
with ammonium sulfate to 0.5 saturation, The protein which precipitated in the saturation range 0.3-0.5 was col- 
lected by centrifugation, dissolved in a small volume of water and dialyzed, first against running water (6-8 hrs), 
and then against 0.01 N acetate buffer, pH 4.8-5.2. A precipitate which formed on dialysis was rejected. The pro- 
tein remaining in the supernate was subjected to one and in some cases to several reprecipitations. The protein 
fraction thus obtained was used as the final enzyme preparation, 


The substrate employed was partially depolymerized (clinical) British-made dextran (Intradex), with a mole- 
cular weight in the order of 70 thousand, 


Glucose, fructose, galactose, mannose, maltose and sucrose, which were employed in some experiments, 
were all commercial preparations, With the exception of maltose, which contained a slight contamination of a 
trisaccharide, all the preparations were chromatographically homogeneous, 


Isomaltose was prepared from Intradex according to Bacon and Bacon, as described by one of us [3]. Reduc- 
tion was determined according to Hagedorn and Jensen, 


RESULTS 


The Effect of pH on the Activity of Liver a-1,6-Dextranglucosidase 


The pH optimum for liver a-1,6-dextranglucosidase was found to lie between pH 4.7 and 5.0 (Fig. 1), and 
is thus similar to that of the spleen enzyme. The enzymatic activity fell sharply at neutral pH. The decrease in 
dextran hydrolysis under those conditions is interpreted as being due not only to the lower enzyme activity at the 
neutral pH (6.8), but also as a result of partial enzyme denaturation during incubation. 


Thus, enzyme incubated in the absence of substrate for 3 hrs at pH 6.8 and 37° lost 40% of its activity, com- 
pared with a control which was incubated under similar conditions, but at pH 4.8. 
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Fig. 1. The effect of pH on liver a-1,6-dextrangluco- 
sidase activity. Six-hr incubation at 37°, Intradex con- 
centration — 20 mg per test, 


TABLE 1 


The Effect of pH on Liver a-1,6-Dextranglucosidase 
Activity 

The enzyme preparation was heated at 54-55°, After 
heating, the solution was cooled, the precipitated pro- 
tein was removed by centrifugation and the pH adjusted 
to 4.8-5.0; incubation time was 20 hrs at 37°, Intradex 
concentration — 20 mg per test 


= 
‘saa 
a6 


0.620 


0.6538 

0.293 

0.593 
0 


0.395 


1 
(Control) 


5 | 0.095 
0 

5 | 0.030 

0.045 


0.493 
0.427 


0,473 
0.500 


As reported earlier [2], the enzyme instability 
at neutral pH was also observed at low temperatures. 
Storage in the refrigerator at pH 7.0 for 6 days brought 
about complete loss of enzymatic activity, while pre- 
parations kept under the same conditions at pH 4.8 were 
stable for months, This high sensitivity of a-1,6-dex- 
tranglucosidase to pH at various temperatures prompted 
further investigations into the nature of the temperature 
effect on the enzymatic activity at various pH. 


The Effect of Temperature on the Activity 
of Liver a-1,6-Transglucosidase 


It will be seen from Table 1 that heating at 55° 
and pH 4.8 for as long as one hr (Experiment 3) did not 
affect the activity of the enzyme, while heating at 


TABLE 2 


The Effect of Heat Treatment on Liver a-1,6-Dextran- 
glucosidase Activity 

Heat treatment was carried out at pH 4,8, The enzyme 
preparation used was one already heat-treated for 30 
min at 55°, The activity of this preparation was taken 
as 100%, Intradex concentration: 20 mg per test 


eratur 


of heating 
| in. deg 


| Experiment 
no 
Heating 
time, min 


‘Tem 


! 


| 


| (control) 

| 0.319 
(Control) 
0.264/82, 
0.224/7 
0.154)4 
0.220 


0,206/90.5 

0.156)70.9 

0.07835 

0.016) 7.3 
| 


pH 6.8 for 5 min caused a sharp fall of activity (Experiments 1, 2), and 10-15 min heating at pH 6.8 was sufficient 


to inactivate the enzyme completely (Experiment 2). 


Gradual loss of activity was observed when the enzyme was heated at pH 4,8 at temperatures exceeding 
60° (Table 2). The enzyme was almost completely inactivated by several minutes" heating at 80°, 


It may be concluded from the results quoted in Tables 1 and 2 that a-1,2-dextranglucosidase is thermo- 
stable under acid conditions (pH 4.8) and thermolabile near neutrality (pH 6.8). 
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For this purpose the dialyzed fraction, which precipitated in the ammonium sulfate saturation range 0.3-0.5, 
was mixed with N acetate buffer, pH 4.8, to a final concentration of the buffer of 0.1 N, and the mixture was 
heated on the water bath at 55° for 30 min, The copious protein precipitate was centrifuged off. The supernate 
was treated with solid (NH,)gSO, to 0.5 saturation. The precipitated protein was centrifuged off, suspended in a 
small volume of water and dialyzed, The preparation thus obtained contained 20-30 times the activity of the 


original extract. 


The latter procedure for a-1,6-dextranglucosidase purification was greatly preferable to the formerly em- 
ployed one, since it resulted in a reduction of labor involved and yielded a preparation of higher activity and puri- 
ty than the former method (for instance, the preparation was entirely free from {somaltase activity [3], as the 


latter enzyme appears to be sensitive to heating to 55° at pH 4,8). 


In all experiments described below, a-1,6-dextranglucosidase prepared by the new procedure was used ex- 


clusively. 


In a previous study of dextran hydrolysis by a highly active beef spleen preparation {t was found that the 
increase in glucose concentration was linear with time only during the first two hours of the incubation period, 


after which glucose formation fell off considerably (Fig. 2). 


TABLE 8 


Activity 


Incubation was carried out for 4-5 hrs, at pH 4.5 and 37°, Intradex 


concentration; 20 mg per ml 


Reduction in 
mg glucose 
ml 


Sugar added 
to the 
dextran 


Increase in 


Control 


Glucose 0.308] 0.417) 0.109 67 
Fructose 0,257) 0.415} 0.158 98 
Sucrose 0.052] 0.214) 0.1638 100 
Control 0.025) 0.660} 0.635 100 
Glucose 0.485] 0.985) 0,500 79 
Fructose 0.415) 1,055) 0.640 101 


Sucrose 0.025! 0.660] 0.635 100 
Control 0.070) 0.630} 0.560 100 


0.085} 0.630) 0.545 


Glucose 0.740] 1.070} 0.330 63 
0,690] 1.066 0,370 
Mannose 0.580] 1.165} 0.585 100 
0.615] 1.130] 0.545 
Galactose 0.585] 1.075} 0.490 97 
4 
Control 0.040} 
Glucose 0.275) 0.452] 0.177 68 
Isomaltose 0.228] 0.368} 0.140 53 
Control 0.085) 0.550) 0.465 100 
Glucose 0.695} 1.010] 0.305 66 
Isomaltose 0.550] 0.860] 0,310 67 
Maltose 0.705] 1.005) 0.300 65 


The thermal stability of the enzyme at acid pH was utilized in further purification. 


The Effect of Various Sugars on Liver a-1,6-Dextranglucosidase Activity 


The Effect of Various Substrates on Liver a-1,6-Dextranglucosidase 
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The same phenomenon was observed in the case 
of dextran hydrolysis by a-1,6-dextranglucosidase. 


This decline in dextran hydrolysis after the ini- 
tial 2-hr period could not be explained by enzyme in- 
activation, since the enzyme was found to be stable at 
pH 4.8 (Table 1). Nor could the phenomenon be attri- 
buted to substrate exhaustion, since only 3-5% of the 
added dextran was hydrolyzed in the first few hours of 
incubation, while the potential “hydrolyzability” of 
Intradex dextran by a-1,6-dextranglucosidase is about 
30% [4]. The possibility of the reaction product — glu- 
cose — inhibiting the reaction was then considered. 


~ 


8 


Glucose, mg/ml 


2¢ 6 8 024 6 8 20a ab It was also of interest to discover whether this 
Incubation time, hrs effect was specific if glucose is actually inhibitory. 


Fig. 2, The hydrolysis of Intradex-dextran by beef- The effect of various sugars on the activity of 


spleen a-1,6-dextranglucosidase. a-1,6-dextranglucosidase was therefore investigated, 


As will be seen from the results presented in Table 3, the addition of glucose to the incubation mixture pro- 
duced a 20-35% inhibition of dextran hydrolysis. None of the other monosaccharides tested — fructose, galactose, 
mannose — showed any inhibition when added in concentrations equal to that of glucose. 


Isomaltose and maltose exhibited an inhibition similar to thatof glucose. This effect must be attributed 


directly to the disaccharides, rather than to glucose which may have arisen from them, since the enzyme prepara- 
tions employed were free from isomaltase and maltase activity. 


Sucrose had no effect on the reaction, 


DISCUSSION OF RESULTS 


It may be concluded from the analysis of results obtained on the inhibition of dextran hydrolysis by glucose, 
isomaltose and maltose, that the inhibitory effect was not due to the reversibility of the reaction and effect on 
equilibrium. If isomaltose addition inhibited the reaction as a result of equilibrium shift, then it could reasonably 
be expected to be one of the reaction products, However, paper-chromatographic investigation of the reaction 
products showed that this was not the case, since the product was exclusively glucose. The results could not be 
explained by assuming that transglucosidation had taken place on the addition of glucose, maltose or isomaltose 
to the reaction mixture, The occurrence of the transglucosidase reaction, that is of the transfer of glucose _resi- 
dues to the added sugars as well as to water, could have resulted in the formation of di- and trisaccharides with a 
subsequent decrease in reduction gain. Paper-chromatographic analysis did not, however, reveal any traces of di- 
and trisaccharides in the reaction mixture, It must therefore be concluded that glucose, maltose and isomaltose 
inhibit the a-1,6-dextran glucosidase reaction directly. 


In a recent communication. Larner and Gillespie [5] reported the inhibition by glucose of maltose and iso- 
maltose hydrolysis by enzymes from hog intestinal mucosa. The phenomenon was not accompanied by the incor- 
poration of labeled glucose into maltose or isomaltose, and thus, as in the present experiments, the inhibition was 
not due to either reaction reversibility or transglucosidase activity. 


The inhibition of a-1,6-dextranglucosidase activity by glucose constitutes a characteristic distinction between 
this enzyme and amylo-1,6-glucosidase [6, 7], which is not glucose-inhibited. The two enzymes also exhibit dif- 
ferent pH optima. The optimum pH for the activity of a-1,6-dextranglucosidase and amylo-1,6-glucosidase lies 
within the ranges 4.7-5,.0 and 7.2-7.6, respectively. The high stability of a-1,6-dextranglucosidase to heat at 
pH 4.8 permitted the preparation of the enzyme in a pure state, free from isomaltase activity, and served, more- 
over, to demonstrate that a-1,6=dextranglucosidase and isomaltase are distinct enzymes. 


The present results confirmed the views expressed earlier [2] on the individual role of a-1,6-dextrangluco- 
sidase in carbohydrate metabolism. 
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Liver a-1,6-dextranglucosidase is apparently actively concerned in the breakdown of a polyglucoside [8, 9] 
which is present in liver together with glycogen and which differs from the latter by a high content of 1,6-bonds, 
SUMMARY 

A method for the {solation of purified a-1,6-dextranglucosidase from liver has been described. 


The enzyme preparation was shown to be thermostable at acid (4.8) pH and thermolabile in neutral solu- 
Optimum pH for enzymatic activity lies within the range 4,7-5,0. 


Glucose, maltose and {somaltose inhibited the activity of a-1,6-dextranglucosidase. 
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THE REACTIONS OF CATECHINS IN TEA LEAVES UNDER THE INFLUENCE 
OF HIGH TEMPERATURE 


M. A. Bokuchava, G. A. Soboleva, and A. M. Kniazeva 


A. N, Bakh Institute of Biochemistry, Academy of Sciences, USSR, Moscow 


One of the characteristic properties of tea tannin is its great reducing power. Many authors [1-3] have shown 
that the simplest components of tealeaf tannin can be easily oxidized by the oxygen of the air without the help 
of enzymes. Recently, however, the studies of Bokuchava [4] have shown that not all fractions of tea tannins be- 
have in the same way toward atmospheric oxygen. The ether-soluble fraction of tea tannin which contains chiefly 
polyphenols and catechins cannot undergo auto-oxidation by oxygen of the air. 


It appeared interesting to us to study the effect of high temperature on the catechins of the tea leaf. Such 
a study might also help to explain the reason for the change in organoleptic properties of green tea after its ther- 
mal treatment, 


Experiments were made with the tannin of tea leaves and with its water extract. A 2% aqueous solution of 
tea tannin exposed to atmospheric oxygen was kept in a thermostat at 90° for 4 hrs. 


In the experiment with a water extract of tea leaves a weighed amount of leaves was treated with boiling 
water and extracted on the boiling water bath for 20 min, Thermal treatment of the extract was carried out in 
the thermostat at 90° for 4 hrs, Catechins were determined in thecontrol and experimental solutions (after ther- 
mal treatment) by chromatography [5]; we also determined total tannin [6] and the dialyzable part of the tannin. 


The results are given in Tables 1 and 2, 


Table 1 shows that under conditions of high temperature the individual catechins behave differently. The 
amounts of L-epigallocatechin, DL-gallocatechin, L-epigallocatechingallate and L-epicatechingallate decrease, 
though only slightly. The amounts of L-epicatechin and DL-catechin increase by an average of 30% over the con- 
trols after thermal treatment, It is possible that this is the result of partial transformation of the gallate esters of 
catechins into DL-catechin and L-epicatechin. 


When the tea extracts are evaporated in a porcelain dish or when the extracts are kept in test tubes on a 
boiling water bath for 1 hr, another change in tea-leaf catechins occurs (Table 2), In this case the amount of 
DL~-gallocatechin in the solutions heated to high temperature is strongly increased over the controls, This is pro- 
bably due to change of L-epigallocatechin into DL-gallocatechin as a result of epimerization caused by the high 
temperature. Vorozhtsov [7] has already discussed the possibility of epimerization of catechins at higher tempera- 
tures. 


In the experiments of Roberts and Wood [8],on boiling the juice from tea leaves they noticed the epimeriza- 
tion of L-epigallocatechin into DL-gallocatechin, A similar reaction under thermal treatment also occurs with 
the catechins of grape tannin, Thus, Nutsubidze [9] showed that as a result of heating a solution of D-catechin 
at 70° there occurred formation of DL-catechin, then of L-gallocatechin, and when heating was prolonged, almost 
all the catechins of grapes were formed from D-catechin. 


In addition to our determination of the catechins in the control and experimental solutions, we determined 
the total tannin and the dialyzable part of it. 


a 
By 
Ry 
iter 
ac 
f 
hel 


| 46 | 681; | 6S! Ler] | 8st 
ost | | £65 | OOF | 
| 902) ter; zor, te 


00} 


oor | OOF} | COT} 


| 
9101 Lr ess] sz 
| OOF] 8°6 | 62 


8/8u| % | 


| 


jo sulyoo1eo -ulyo -ulyoo1e9 pue 
| 1210 L jo uns | 


ssouqie] queseojd =| | | 
sty 10U SI UOIS = 

aise) ayy | 8 68! 69F | OOF FIT, GOF 6S 


Of}; 86 


10N | 


| — | ze! g6 | cee) OFF, OF 
| — | oot! cor g9¢9, oor cee! oor ove! 


jo ,11ed sulyoo1e -u1y901e9 ne 


qusuneven 


meq 191@M UO 


queuneen Joye ‘oules 


uC 


suolIpuod 


| 
cg 
| 


ulyoo1e9 


ulyoo1e9 


Arp jo3/3w1 ut) 


JO amp Jopun 19eNxy jeoy-ea] Woy sutyooieD jo sesueyD 
ATEVL 


€2 queuneren 

CZ 
s10jog 

quounren 


Arp 3/8u1 uy ‘sry 10} 18 
JO ey JopuN Jo saBuryD 


T JTEVL 


ag 
| 
3 
os 
ae 
bo 
pe 
60 
ae 
ca ae 
7 
bore) 
4 
bo 
~ 
| 
sore) 
e) 
bo 
: 
Ay, 
aK 
250 


Table 1 shows that at high temperature the sum of the catechins and the total tannin change only slightly. 
However, this change is very important since the taste of the tannins changes with it. 


Thus, under the influence of high temperature the tea tannins change in a manner which depends on the con- 
ditions of thermal treatment. It should be noted that the sum of the catechins and the total tannin changes slightly. 


Our previous work [10] had shown that thermal treatment of tea tannins changed their color and taste con- 
siderably, During thermal treatment the intensity of the color increased and the bitter taste of the tannin disap- 
peared and a more pleasant, tart taste developed. 


The change in taste of the tannin with slight changes in its chemical composition is of great practical value 
for the tea industry. For example, by considering the properties of tea tannin, we can combine the action of en- 
zymes and thermal treatment so as to assure getting a tea with a high tannin content and the best taste quality, 
The practical problem {s to begin the action of enzymes in tea treatment at an earlier stage than in the present 
technology, and to give further thermal treatment of the resulting material at high temperature. 


Technical experiments run in the season of 1956 fully confirmed these ideas, It was shown that by rational 
combination of enzyme and thermal processes a tea high in tannin and high in quality could be obtained from raw 
Georgian tea, 


We are continuing the work on the role and value of thermal treatment on the biochemical changes of cate- 
chins, 
SUMMARY 


During thermal treatment at high temperature, interconversions occur among the catechins of tea leaves. 
The sum of the catechins and the total tannin change only slightly, During the thermal treatment the color be- 
comes deeper, the bitter taste vanishes and a pleasant tartness develops, This is important in practice for the tea 
industry. 
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SULFHYDRYL GROUPS OF MYOSIN ADENOSINE TRIPHOSPHATASE 


Bilushi 


B. F. Poglazov, V. and A. A. Baev 


A. N. Bakh Institute of Biochemistry, Academy of Sciences, USSR, Moscow 


After the discovery of the adenosine triphosphatase activity of myosin [1] its SH groups were studied to ex- 
plain their relation to the enzymatic and mechanical properties of this protein, 


Liubimova and Engel'‘gardt noticed the extremely high sensitivity of myosin ATP-ase to silver (2). Although 
later the low sensitivity of myosin to iodoacetate and iodoacetamide led Needham [3] to doubt the importance of 
the SH group for the ATP~-ase activity of myosin, the investigations of Barron and Singer [4], of Ziff [5], and of 
Binkley, Ward and Hoagland [6] positively confirmed the extreme importance of the SH group for the function of 
myosin as ATP-ase and to a considerable extent explained the reasons for the variations in results obtained up to 
that time, Thus, Barron and Singer showed that blocking the free SH groups of myosin by p-chloromercuribenzoate 
(PCMB) caused a small (11-16%) inhibition in AT P-ase activity of myosin. Complete inactivation resulted only 
by binding all the SH groups of the protein, including those which reacted slowly. The low inhibiting effect of 
alkylating agents (iodoacetate, fodoacetamide) and oxidizing agents (ferricyanide, porphyrindine, iodosobenzoate) 


in the opinion of Barron and Singer was produced because they blocked only the freely reacting thiol groups of 
myosin. 


Further studies of the SH group proceeded on the one hand in the direction of investigating the action of new 
thiol poisons (Salyrgan, fouadin, oxarsan, etc,) and on the other in studying the effect of blocking the SH group on 
other functions of myosin besides ATP~ase activity [7-9]. It was established in these investigations that thiol poi- 
sons suppressed not only the ATP~ase activity of myosin, but also its reaction with actin [10], contraction of the 
actomyosin fibers [11],and of fibers macerated in glycerol, superprecipitation of actomyosin, transformation of 
G-actin into F-actin, in a word, all the characteristic functions of myosin, actomyosin, and contractile models 
[12]. The work of Bailey and Perry was especially valuable for studying myosin as a thiol enzyme for it showed 
that when thiol poisons acted on myosin there was parallel suppression of its ATP-ase activity and its reaction with 


actin. This gave reason to suppose that the same SH groups of myosin could react with ATP and with actin and 
that there was a competitive relation between the two. 


In spite of the great number of different quantitative methods which exist for studying SH groups in proteins 
[13], the search for new, more perfect methods for their determination continues, We studied an electrometric 
method for the quantitative determination of the SH groups of myosin, Then we raised the problem of getting the 
most direct possible evidence of an enzyme-substrate relation of ATP and myosin through the SH groups, since the 
data here were indirect. We would consider as fullevidence, for example, proof of competition between ATP and 
thiol poisons, This possibility should be considered, since Boyer and Segal [14] succeeded in obtaining this sort of 
evidence in the case of 3-glyceraldehyde phosphate dehydrogenase. Finally, our last problem was to study the 
nature of the so-called stabilizing action of ATP on myosin, This stabilization [7, 9] is first shown in the slowing 
of the inactivation of myosin AT P-ase during heat denaturation. We wished to study the stabilizing action of ATP 
on other functions of myosin and to investigate the connection of this effect with the SH groups, 


EXPERIMENTAL METHODS 
Preparations 


1, Myosin was obtained from rabbit muscle by extraction with Bailey solution (0.5 M KCl + 0,03 M NaHCOs) 


for 10 min with cooling; the ratio of muscle weight to solution was 1:3, The myosin was three times precipitated 
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by tenfold dilution with water at pH 6.8. Actin was removed from the dilute solution at pH 8.3 according to Szent~ 


Gyérgyi. The myosin solution, containing 2,0-3.0 mg N/ml, with Qp = 2000-3000, was kept in the refrigerator at 
4-5°, 


3.* ATP. We used a preparation of free ATP prepared by the method of M, N. Liubimova at the Ivanov Meat 
Combine, From the data of chromatographic analysis [15] the preparation contained about 70% ATP and about 
16-19% ADP, and also adenosine monophosphate, adenosine pentaphosphate and guanine nucleotides, The prepara- 
tion was used without purification, and the concentration of ATP in the experiments was calculated by weight. 


4. ADP. A chromatographically pure preparation was obtained by treating ATP with myosin and by later 
purification on a column of fon exchange resin De~acidite FF (a strongly basic monofunctional anionite). 


5. Inorganic polyphosphate was prepared by Prof. A. N. Belozerskti. 
6. Crystalline serum and egg albumins were prepared by Prof. B. N. Orekhovich. 


1, p-Chloromercuribenzoate was synthesized from p-toluenesulfonyl chloride through the p-tolylmercuric 
chloride [13, 16]. The preparation melted at 273° which corresponds to the pure compound, 


8. HgCly, We used the C.P. chemical. 
9, Cysteine, This was purified according to duVigneaud, Audrieth, and Loring [17]. 


Amperometric Titration of the SH Groups with Silver Nitrate 


We used the method of amperometric titration with a rotating electrode described by Kolthoff and Harris 
[18]. 


R, E, Benesch and R. Benesch [19] first used amperometric titration in alcohol, but this solvent caused dena- 
turation of myosin, and so we could not use it. The suggestion of these authors [20] of using an 0.02 M ammonia— 
alcohol solution of tris-(hydroxymethyl)-aminornethane was tested, but we were not convinced of its advantage. 


Titration was carried out in a NH,OH—NH,NOg medium as was recommended by Kolthoff and Harris and also by 
Staib and Turba [21]. 


For the amperometric titration we constructed an apparatus which will be described in another place, The 
important details of our process are as follows. 


1. Electrolyzer. Capacity 50 ml; a double-walled vessel kept at constant temperature with a Heppler ultra- 
thermostat, model NB. 


2. The rotating platinum electrode consisted of a platinum wire fused at the free end into a globule and 
fastened at the other end to a brass rod which was covered with a glass jacket. The rod was screwed into an axis 
mounted on a ball bearing and connected through a pulley with a motor. The potential was discharged from the 
upper end of the axis. The electrode rotated constantly at 1000 rpm. 


3. An M-91A galvanometer with graduation of 107° a. 
4, A resistance box KMC-6 served as a shunt for the galvanometer, 


5. The electrolytic bridge consisted of two sections of plastic tube, connected by a three-way stopcock to 
a funnel, One section of tube was filled with saturated KCl solution; it ended in a glass tube closed with a stopper 


of filter paper (electrolyzer end). The other tube was filled with the electrolyte of the reference electrode and 
was joined to the latter. 


6. The reference electrode consisted of metallic mercury and a solution of 1.3 g Hgl, and 4,2 g KI in 100 
ml of saturated KC1 [18]. Its potential was 0.23 v with respect to the calomel electrode, 


1, The reaction mixture had the following composition: myosin (about 90 mg of protein) — 5 ml, NH,OH 
(sp. gr. 0.895) — 0.4 ml, 2.5 M NH4NO, — 0.8 ml, 2M KC1— 3.8 ml, HJO- 10 ml, Total volume 20 ml, 


8, Titration was run with a solution of 0.005 M AgNO, which was prepared from a 0.1 M solution, The titer 
of the latter was established by a standard solution of 0.1 M NaCl. 


* As in original — Publisher's note. 
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Galvanometer division 
Galvanometer divisions 


10 10 


02 04 06 08 10 12 14 18 20 22 24 26 
0.005 M AgNO, , ml 0.0048 M AgNOs, ml 
Fig. 1. Amperometric titration of the SH groups of Fig. 2. Amperometric titration of the SH groups of egg 


cysteine by silver nitrate. Composition; 1.2ml12.5M — and serum albumins by silver nitrate, Composition; 

NH,NOg + 0.6 ml concentrated NH,OH + 5 ml 2M KCl; 0.8 ml 2.5 M NHyNOg + 0.4 ml concentrated NH,OH; 

total volume 20 ml. Added to test 0,005 M cysteine: total volume 20 ml. 1) 28.8 mg serum albumin; 

1) 0.05 ml; 2) 1.0 ml; 3) 1.5 ml; 4) 2.0 ml. 2) 28.8 mg serum albumin and 6.0 g urea (final concen- 
tration 30%); 3) 28.8 mg serum albumin denatured by 
heat; 4) 28, 8 mg egg albumin. 


9, Titration was carried out at 25 and 37° in the usual way. The equivalent point was determined graphically 


by a perpendicular dropped onto the abscissa from the point of intersection of the curves of residual and diffusion 
currents, 


10. The reaction proceeded according to the equation 
Ag* + RSH > RSAg + H+ 


For preliminary tests of the method, titrations were made with solutions of cysteine, glutathione and crystal- 
line egg and serum albumins. 


Figure 1 shows the result of amperometric titration of 0.005 M cysteine where the proportionality of the 
readings and the amount of cysteine used fully agree. 


Figure 2 gives the results of titration of SH groups of egg and serum albumins, In the egg albumin we found 
0.103 4 moles /mg of protein for the SH groups. In native serum albumin, and also that denatured by heating or by 
treatment with urea we found no SH groups. Although this result disagrees with the data of some authors [22], it 
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agrees, for example, with the results of Pihar [23] who titrated with p-chloromercuribenzoate and also failed to 
find SH groups in serum albumin. 


Amperometric Titration of SH Groups with Mercuric Chloride 


The course of the titration and the apparatus did not differ from the previous experiments, The only differ- 
ence was the composition of the reaction mixture, since here it was not necessary to use concentrated ammonia, 
for with mercury, insoluble AgC1 was not formed. The composition of the test solution was; myosin (about 90 
mg protein) — 5 ml, 2M KC1—3.8 ml, borate buffer, pH 7.09— 11.2 ml, 


Instead of the borate buffer we sometimes used tris-(hydroxymethyl)-aminomethane, pH 7.0; when this was 
done, more SH groups were titrated, 


Polarographic Determination of SH Groups Usin -Chloromercuribenzoate 


The principle of this method is that p-chloromercuribenzoate is added to the myosin solution, Part of it 
combines with the SH groups of the protein, the excess remains free and is determined polarographically. 


We ran the polarographic determination with the 
dropping mercury electrode on the visual Heyrovsky 
polarograph manufactured by the State Institute of Non- 
ferrous Metals, 


p-Chloromercuribenzoate gives two cathode waves; 
the first corresponds to reduction of divalent mercury to 
monovalent, the second to reduction of the latter to 
the metal [22]. The second wave gives a large maxi- 
mum at 1.12 v, but the quantitative determination was 
carried out with the first wave (potential of half wave 
0.2 v). Readings were made either directly on the scale 
of the galvanometer at 0.4 v, where there was a satis- 
factory correlation between current strength and con- 
centration, or by the ordinary polarographic method 
using the graphic method, 


Galvanometer division 


Composition of the test solution; myosin-2 ml; 
0.005 M p-chloromercuribenzoate — 1 ml; 2M KCl— 
2 ml; borate buffer, pH 9.24—-5 ml; total volume 10 
ml, The weakly alkaline reaction assured good solution 
of p-chloromercuribenzoate. 


Figure 3 shows the polarographic determination 
of p-chloromercuribenzoate and its combination with 


Fig. 3. Polarographic det ti - - 
g graphic determination of p-chloromer added glutathione. 


curibenzoate, Composition of test solution; 5 ml 


borate buffer, pH 9,0 + 2 ml 2 M KCl; total volume Wivasensinh Ghnssban 
10 ml. 1) Without p-chloromercuribenzoate (PCMB); 


2) PCMB,0,1-107° mole; 3) PCMB,0.2-107> mole; The specificity of the nitroprusside reaction ts 

4) PCMB,0.3-107° mole; 5) PCMB,0.3+ 107° mole + known to be slight — nitroprusside also gives colors with 
+ 0.1+1075 mole glutathione; 6) PCMB,0.3-1075 such compounds as acetone, acetoacetic acid and crea- 
mole + 0.2°107* mole glutathione; 7) PCMB,0.3- 1075 tinine [13]. In the case of proteins we must also consider 
mole + 0.3-107* mole glutathione, the denaturing action of the high pH and the unfavorable 


effect of the considerable fonic strength of the solution 
used, Nevertheless this reaction with its simple reagents and wide range can be used to judge the behavior of free 
reactive SH groups. 


The method of Grunert and Phillips [24] for quantitative determination of SH groups was not suitable in our 
experiments since the high NaCl concentration caused coagulation of the myosin, We therefore used the ordinary 
(qualitative) modification of the test. Replacing NH,OH by NagCOs gave a sufficiently stable color and propor- 
tionality between the number of SH groups and the extinction. 
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The composition of the test solution for the nitroprusside reaction was as follows; solution containing about 


16 mg protein-1 ml; buffer, pH 9.0 with and without ATP— 0.2 ml; 16% NagCO,— 0.1 ml; 8% sodium nitro- 
prusside — 0,1 ml. 


Before using the reaction in an experiment, we tested it carefully. We showed that ATP does not give a 
color with the reagent and does not affect the color of the complex; 0.5 M KCl, phosphate buffer and tris-(hydroxy- 
methyl)-aminomethane do not affect the color in the nitroprusside reaction, On the other hand, glycine, bicar- 
bonate, and particularly borate buffers lower the intensity of the color by 20-35%, probably acting on the colored 


nitroprusside complex, For this reason we used only the tris-(hydroxymethyl)-aminomethane or the phosphate buf- 
fers with pH 9.0. 


For the determination of free SH groups of myosin combined with ATP, two test portions of myosin were 
incubated at room temperature or at 37° for 10 min; to one of them we added the corresponding amount of ATP. 
Then we ran the nitroprusside reaction and from the extinction of the control (that is, myosin without ATP) we 
calculated the extinction of the sample with added ATP, At 37° there was some increase in free SH groups of 
myosin in the control, but we still did not find an increase in turbidity. We used the Shipalov electrophoto- 
colorimeter with a blue filter, The amount of SH groups was determined by the use of a calibration curve 
based on exactly prepared solutions of cysteine. 


Determination of ATP-ase Activity of Myosin 


The determination of activity was carried out in a solution with the following composition; myosin in 0.5 
M KCl — 0.093 mg (0.015 mg N/ml) in a volume of 0.3 ml, 0.05 M CaCl, — 0.1 ml, 1500ug ATP in buffer, pH 


9.0-0.6 ml. Incubation 5 min at 37°. The results are expressed in Qp- Inorganic P was determined according 
to Fiske and Subbarow. 


Viscosity of Myosin (Actomyosin) 


The determination was carried out at 20° in an Ostwald viscosimeter with a 40 sec period of outflow for 
water, In the case of actomyosin we first determined the viscosity of 4 ml of myosin (0.5 mg N/ml) then added 
1 ml of solution of F-actin (0.8 mg N/ml) and in 20 min repeated the viscosity determination. 


Heat Treatment of Myosin 


The test portions were kept in a thermostatically controlled water bath at 37° or 40°, 


Stabilizing Action of ATP 


To one of two parallel samples of myosin we added 5,3+10°° M of ATP. After incubation of this sample 
at 37 and 40° the myosin was reprecipitated with a tenfold dilution by water at pH 6.8 to free it from ATP and 
products of its decomposition, and then comparable determinations were carried out. 


EX PERIMENTAL 
First we established the results of the quantitative determination of SH groups in myosin, 


Amperometric titration of SH groups in native myosin by silver nitrate is shown in Fig. 4. 


Silver combined with SH groups of myosin equivalent to 8.7:107® mole SH per 1 mg of protein. 


Neither heat denaturation nor treatment of myosin with urea changed the results of titration by silver nitrate, 
and even 30-min heating at 40° in the presence of 30% urea did not increase the amount of titratable SH groups. 


Similar but slightly lower results were given by titration with mercuric chloride (Fig. 5). 


In this case we found 7,9'107* mole SH groups per 1 mg of protein. When we used tris-(hydroxymethyl)- 
aminomethane instead of borate buffer we obtained 8.8:107* mole/ml. The same results were obtained by polaro- 
graphic titration with p-chloromercuribenzoate, the graph of which we have not given, 


This demonstrates the presence in myosin of only two forms of SH groups — free and slow reacting (masked 
thiol groups were not determined); it also shows that Ag and Hg combine with all the SH groups available for 
determination, The statement of Barron [8] about the existence of masked thiol groups in myosin belongs to that 
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Galvanometer reading 


20 
20048 ml 
Fig. 4. Amperometric titration of SH groups of myosin 
by silver nitrate. Composition of sample: 113 mg 
myosin + 0.8 ml 2.5 M NHgNOg + 0.4 ml concentrated 
NH,OH + 3.75 ml 2M KCl; total volume 20 ml, 


TABLE 1 


Content of Free SH Groups of Myosin in the Presence 

of ATP (titration with p- chloromercuribenzoate) 

The sample contained 11 mg myosin; buffer; different 
amounts of ATP; total volume 1.2 ml. Preliminary 
incubation 10 min 


Used p- SH groups 
a chloromer- | 10°" mole/mg 
10™ mole |curibenzoate protein 


Galvanometer reading 


10 20 
ml 


Fig. 5. Amperometric titration of the SH groups of 
native and denatured myosin by mercuric chloride. 
Composition of sample: 3.75 ml 2 M KCl + borate 
buffer, pH 7.09; total volume 20 ml, 1) Native myo- 
sin (113 mg); 2) myosin (113 mg) denatured by heat- 
ing 30 min at 40° in the presence of urea with a final 
concentration of 30%, 


part of his study in which he used reagents for the deter- 
mination which varied and often had low reactivity, 
and in which he partly used denaturing agents — urea 
and guanidine hydrochloride, 


The nitroprusside reaction showed 3.0-3.5-107° 
mole of free reacting SH groups per mg of protein; this 
is about 40% of the total thiol groups determined by 
titration with silver. 


To determine the number of SH groups of myosin 
combined with adenosine triphosphate, which was the 
next part of our problem, we tried different processes. 


Titration of myosin by silver nitrate in the presence of different concentrations of ATP did not give positive 
results (Fig. 6). 


However, in the presence of ATP we found a small shift toward a lower volume of silver used, but it was 
slight — the maximum was only 0.1 ml 0.005 M AgNO, (Fig. 6) or about 7% of the total SH groups. Nevertheless, 
this shift was constant and its amount varied little. We should remark that exactly the same picture was observed 
when cysteine was titrated in the presence of ATP— the same small but constant shift toward smaller amounts of 


silver nitrate solution used in the titration, 
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Galvanometer reading 
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Fig. 6. SH groups of myosin in the presence of ATP 
(amperometric titration by silver nitrate), Composi- 
tion of sample: 4 ml 2M KCl + 0.8 ml 2.5 M NHyNOg+ 
+ 0.4 ml concentrated NH,OH + 86.8 mg myosin; total 
volume 20 ml, 1) Without ATP; 2) ATP,0.8- 1078 
mole; 3) ATP,0.8-107> mole; 4) ATP,0.8:1074 mole. 


40 


moles SH groups/mg protein 


05 


0 


When we determined SH groups by the nitroprus- 
side reaction in the presence of ATP, we observed a 
decreased intensity of color; this,we believe,was the 
result of binding SH groups by ATP, depending on its 
concentration (Fig. 7). 


From this graph (Fig. 7) we see first of all that 
during 10 min at 37° (the time and temperature of {n- 
cubation of ATP with myosin) there is some increase 
in free, reacting SH groups due to denaturation, This 
total amount of free SH groups, which reaches about 
4+107*, was taken as the starting value on the graph, 
The graph shows that ATP combined with SH groups, 
Binding was never complete — in this case, for instance, 
1.2+107* mole of free SH groups was not bound, that 
is, about one-third, The size of the unbound residue 
depended on the buffer and the additions to the sample. 
Thus, with tris-(hydroxymethyl)-aminomethane the 
residual unbound SH groups usually amounted to 1.3: 
-10°* mole, for phosphate buffer and water the value 
did not exceed 1.0-107® mole, and for KCl this value 
> 1.0-107* mole. 


Judging by the nitroprusside reaction, the binding 
of SH groups by ATP is not instantaneous — it is rapid 
in the initial stages and then much slower, 


The binding of SH groups by ATP was also shown 
by their titration with p-chloromercuribenzoate using 
nitroprusside as an indicator. These data are given in 
Table 1. 


Figure 8 shows the change in free SH groups dur- 
ing hydrolysis of ATP by myosin (1), Curve 2 shows the 
increase in inorganic P as a result of dephosphorylation 
of ATP; the curve shows that dephosphorylation of ATP 
in this experiment took 90 min, The amount of free SH 


2 


107° moles of ATP in sample 


Fig. 7, Free SH groups of myosin in the presence of ATP (nitroprusside reaction), 
In the sample; 20.9 mg myosin, buffer tris-(hydroxymethyl)-aminomethane; total 


volume of sample 1.2 ml, Preliminary incubation 10 min at 37°, 
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10° mole SH group/mg protein 


50 100 


ug inorganic P per ml 


150 200 


Time, min 


Fig. 8. Quantitative measurement of free SH groups of myosin during enzymatic 
dephosphorylation of ATP (nitroprusside reaction), In sample; 17.4 mg myosin 
and ATP, 0.83-107> mole, buffer tris-(hydroxymethyl)-aminomethane, total 
volume 1.2 ml, Incubation at 37°, 1) Content of SH groups; 2) increase in 


inorganic P, 


TABLE 2 


Reaction of ATP with SH Groups of Thiol Compounds 
(based on the nitroprusside reaction) 

Composition of sample: 1) 1 ml 0,005 M cysteine + 

+ 0.2 ml of a corresponding solution of ATP in tris- 
(hydroxymethyl)-aminomethane buffer, pH 9.0; 2) 1 
ml 0,001 M glutathione + 0.2 ml of corresponding solu- 
tion of ATP with phosphate buffer, pH 9.0. Samples 
first incubated 10 min at 37°, Results expressed in € 

of an electrophotocolorimeter (blue filter) without cal- 
culating € of the control 


Glutathione 


of ATP 
in sample 


Conc. of ATP 
in sample 
M:-10°8 


groups decreases in 10 min and then rises due to pro- 
gressive fall in ATP concentration and continual free- 


ing of new SH groups by thermal denaturation of the 
protein, 


As we wished to determine the specificity of the 
reaction of ATP with free SH groups we studied some 
compounds related to ATP to see whether they caused 
a decrease in the intensity of color of the nitroprusside 
reaction with myosin as did ATP, We studied the fol- 
lowing compounds; adenosine monophosphate, ADP, 
sodium pyrophosphate, sodium tetrametaphosphate, 
sodium tripolyphosphate, sodium trimeta phosphate, 
These compounds produced no effect on the nitroprus- 
side reaction of myosin, showing the specific nature 


of the reaction of ATP and the free SH groups of myo- 
sin, 


We also tried to discover whether ATP could re- 
act with any other free SH group or if there was a de- 
finite limit, depending, perhaps, on the structure and 
steric properties of the functional groups which com- 
bined through hydrogen bonds, etc, The preliminary 
experiments whose results appear in Tables 2 and 3 
give some answer to this question, 
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0,0 0.45 0.0 0.32 
1 0.41 1.5 0.32 
2 0.40 7 0.32 
4 0.39 14 0.30 
8 0.33 21 0,32 
hs 16 0,21 28 0,32 a 
36 0.32 
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TABLE 3 


Effect of Urea on Reaction of ATP with SH Groups of Thiol Compounds (based on the nitroprusside reaction) 


Total volume of sample 1.5 ml, cysteine 2: 107" moles, glutathione 10-107’ moles, myosin 3,38 mg N (22.4 mg 
protein), ATP 2-10~° mole in the case of myosin and 1- 10° mole in the case of cysteine and glutathione; final 
concentration of urea 15%, Incubation 10 min at 37°. Results expressed in € of an electrophotocolorimeter (blue 


filter) without calculating € of the control 


Cysteine 

The same + urea 
The same + ATP 
The same + ATP + urea 


2000 


0 10 26 min 
Time of keeping myosin at 40°, 


Fig. 9. Change of ATP-ase activity of myosin after 
heat treatment (40°), 1) Without ATP; 2) in the pre- 
sence of ATP,5,3:107® mole /ml. 


Glutathione 
The same + urea 
The same + ATP 
The same + AT P+ urea 


Myosin 
The same + urea 
The same + ATP 
The same + ATP + urea 


Table 2 shows that the SH group of cysteine can 
react with ATP since the content of SH groups deter- 
mined by the nitroprusside reaction falls progressively 
with increased concentration of ATP in the sample. 
Glutathione behaves quite differently — the addition 
of even very large amounts of ATP to its solution does 
not affect the color which develops in the nitroprusside 
reaction and sc we can conclude that in this case reac- 
tion of ATP with the SH group does not occur, 


Table 3 shows the behavior of free SH groups 
liberated by the action of urea on cysteine, glutathione, 
and myosin, In all these cases we find an increase in 
free SH groups, but their reactivity is not the same. 


Actually, ATP can combine with all the SH groups 
of cysteine liberated by urea, but the newly formed free 
groups of glutathione remain as unavailable as the SH 
groups which existed before treatment with urea, Urea 
increases considerably the amount of free SH in myo~ 
sin, but the degree of binding them by ATP not only 
does not rise, but actually decreases, These orienting 
experiments show that ATP can by no means combine 
with every free SH group and that there are limitations 
on this reaction which give it a definite degree of speci- 
ficity. 


The stabilizing action of ATP on myosin was studied in several ways. In these experiments we utilized the 
thermolability of myosin and the changes in {ts properties which occur on long action of temperatures of 37-40°. 


The ATP-ase activity of myosin after thermal treatment (Fig. 9) fell quickly and at 40° after 15 min had 


already reached 50% of the initial value. 


In the presence of 5.3-107° mole/ml ATP the inactivation of myosin was substantially slowed, This was 
particularly noticeable in the first 5 min of incubation when the ATP almost completely prevented the inactiva- 
ting effect of heat. Later (between 15-20 min of incubation) the rate of inactivation of both samples leveled off. 
This leveling of the rate of inactivation seems to be natural, since ATP is gradually hydrolyzed by myosin and 


taken out of the sphere of the reaction. 


The ability of myosin to form a complex with actin (to give actomyosin) was estimated by the increase in 
viscosity (An ) which occurred when solutions of myosin and actin were mixed, At first we determined the increase 


in viscosity in myosin solutions which were not submitted to the action of heat. 


Composition Composition Composition 

of sample of sample of sample be 

0.32 0,32 0.28 a 

0.37 0.40 0.45 = 

0.195 0.32 0.20 a 

0,195 0.41 0.40 ae 

0, 

3000 

\ 

1000 

; 
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An relative The results of one of these experiments is shown 
in Fig. 10. 


Thermal treatment of myosin (in this case, incu- 
bation at 37°) led to constant loss in its ability to give 
a complex with actin, This function of myosin was 
considerably more thermostable than its enzyme acti- 
vity as evidenced by the less steep slope of the curve. 
ATP had an obvious stabilizing effect, substantial at 
the beginning of the heat treatment of myosin, and, in 
distinction to the previous case, noticeable after 30 min. 


Finally, we followed the rate of change in vis- 
cosity of myosin solutions after their heat treatment 


aa 11). 
5 30 25) 


Time of keeping myosin at 37°, min In the first 15 min of heat treatment the viscosity 
of myosin increased (curve 1), ATP actually slowed the 
rise in viscosity in the first 5 min but then its effect al- 
most disappeared, After 15 min the change in viscosity, 


Fig. 10. Increase in viscosity when actin reacts with 
myosin with heat treatment of myosin (37°), 1) With- 
out ATP; 2) in the presence of ATP,5.3+107° mole /ml, 


n relative 


mole sH group 


Time of keeping 
& myosin at 40°, min 
Time of keeping myosin at 40°, min 


Fig. 11. Viscosity of myosin after heat treatment (40°), Fig. 12. Change in quantity of free SH groups bound 
1) Without ATP; 2) in the presence of ATP,5,.3- 107° by ATP after heat treatment of myosin. 
mole/ml. 


judged by the curve, became complex. Thus, the stabilizing action of ATP occurred in this case, but was limited 
to a shorter period of time. 


Our data demonstrate the stabilizing action of ATP on such fundamental properties of myosin as AT P-ase 
activity, ability to form the actomyosin complex and viscosity. All these functions of myosin invariably show 
greater stability to the action of heat in the presence of ATP than without it, though the degree and character of 
the stabilization differ somewhat. 


Naturally we were interested in the behavior of the SH group after thermal treatment of myosin, Quantita- 
tive determination of the SH group by amperometric titration with Ag or Hg could not give any positive results, 
since the experimental methods which we used did not change the content of titratable SH groups. The amount of 
free SH groups of myosin determined by nitroprusside reaction at 37-40° slowly increased, as mentioned earlter. 
This means that though the amount of SH titrated by Ag did not change, the amount of slowly reacting thiol groups 
of myosin decreased, but we reached this conclusion by arithmetical calculations and not by direct determination 
chemically. 
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We determined the content of free SH groups 
which were bound by ATP after heat treatment of myo- 
sin, This determination was carried out by measuring 
the decrease in color in the nitroprusside reaction after 
the addition of considerable ATP to the myosin solution, 
as described in the section on methods, 


The results of these experiments can be seen in 
Fig. 12. 


The quantity of SH bound by ATP, determined 
by the nitroprusside test, fell quickly after thermal treat- 
ment of myosin, and in 25 min ATP almost stopped re- 
acting with myosin thiol groups; this agrees with the 
time relations for a definite change in functional pro- 
perties, 


Figure 13 shows the results of experiments which 
completed the study of the stabilizing action of ATP. 
Here we established the changes in myosin of ATP-ase 
activity, reaction with actin, and amount of SH bound 
by ATP after heat treatment, The almost complete 
agreement of curves 1 (ATP-~ase activity) and 3 (SH 
groups) is at once apparent and shows that the changes 


¢ with time for these properties run parallel. 


Time of keeping myodn at 
jazi The nature of the curve of ability of myosin to 


Fig. 13, Change in properties of myosin after heat form the actomyosin complex (2) is the same as above, 
treatment, 1) ATP-ase activity; 2) increase in vis- but the slope of this curve is different, due to the great 
cosity in reaction with actin; 3) amount of binding thermostability of this function of myosin. 

by ATP of free SH groups; for 100% we took Qp, in- 

crease in viscosity on reaction with actin, and amount DISCUSSION OF RESULTS 


H bound by ATP. 
The amperometric titration of the SH groups of 


myosin by silver nitrate is a sufficiently quick, accurate 
and reproducible method, Using this method we found 8,3-8.9- 10~* mole SH group/mg protein, which agrees with 
the results of Barron and Singer [4] and also of Tsyperovich and Loseva [25], 


For actomyosin Staib and Turba [21] obtained a somewhat lower value — 5,6. 10~* mole/mg protein. 


Titration by mercuric chloride in a borate buffer gives lower values for the content of SH in myosin. The 
reason for this is unknown, Polarographic determination with p-chloromercuribenzoate is somewhat tedious under 
our conditions, but it should be possible to work out an easy method of amperometric titration as has already been 
done by Matousek and Laucikova [22] for other proteins. 


We could not determine the presence of masked SH groups in myosin by amperometric titration, 


Several remarks should be made about the determination of free SH groups by the nitroprusside reaction. The 
determination by our method gave 3.0-3,5:107* mole SH group/mg myosin which agrees well with the data ob- 
tained by other authors [4, 25] by other methods, Like ourselves, they usually used a solution of cysteine to obtain 
a calibration curve [13]. However, the work of Benesch and Benesch [26] forced a reconsideration of the use of 
cysteine for this purpose, 


They showed that in water solution cysteine gives a decreased color with nitroprusside due to formation of 
intermolecular hydrogen bonds with part of the SH, In the presence of 30% urea a further amount of SH is libera- 
ted and the intensity of the color increases, according to the data of Benesch and Benesch [26] by 1.43 times, Other 
thiol compounds also behave like cysteine, with the exception of the simplest aliphatic mercaptans (like ethyl mer- 
captan); thus the number of groups which react with nitroprusside decreases with the increased molecular weight 
and complexity of structure of the compound. In addition, different reagents liberate different quantities of SH, 
and it seems that guanidine hydrochloride acts more energetically than urea in this respect. 
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In view of these facts the quantitative determination of SH groups by the nitroprusside reaction with a cali- 
bration curve based on cysteine gives somewhat high values. More accurate results can be obtained by introduc- 
ing a correction coefficient 1/1.43 = 0.7. The corrected value for the free groups then becomes 2,1-2,5- 107° 
mole SH group/mg myosin. 


We did not succeed in establishing the reaction of myosin SH with ATP by direct amperometric titration; 
even at very high concentrations of ATP we could not detect any decrease in SH groups (Fig. 6). Evidently Ag 
and Hg mercaptides are stable compounds, and ATP cannot displace Ag* and Hg** from them, though the reverse 
reaction can occur easily. 


The nitroprusside test gave results which clearly showed the existence of bonds of ATP with SH of myosin 
and cysteine, Titration by p-chloromercuribenzoate with nitroprusside as indicator fully confirmed the data of 
colorimetric determinations, 


The absence of reaction of ATP with glutathione does not in any way contradict these ideas, since ATP 
evidently does not react with its SH groups. 


Actually, Calvin [27] considers that the SH groups of glutathione differ in reactivity from the thiol group 
of cysteine, since they form hydrogen bonds with the carbonyl oxygen of y -glutamyl and perhaps even give oxy- 
thiazolidene or thiazolene rings, According to Benesch and Benesch [26] at least part of the SH groups of gluta- 
thione forms hydrogen bonds which are broken by urea and guanidine hydrochloride, In these cases such bonds as 
S-H"’’N and S—H"’’O are considered possible; they occur, as we said, in all mercaptans except the simplest. 


As to the question of how specific the bond between ATP and the free SH groups may be, we must empha- 
size that the division of SH groups into free and slowly reacting ones is based on analytical data and the different 
behavior toward such reagents as nitroprusside, ferricyanide, iodine and mercury. This has no direct relation to 
the possible reaction of the thiol group with ATP. ATP apparently reacts with SH groups which have strictly deter- 
mined properties (hydrogen bonds, special arrangement of neighboring functional groups). The material presented 
in the experimental part shows that ATP combines with only part of the free SH of myosin and that the SH groups 
which are newly formed under the action of urea combine with ATP only in the case of cysteine. The selective 
relation of ATP to certain SH groups is still more clearly emphasized by the results of heat treatment of myosin, 
when the content of free SH groups increases but the amount of SH bound by ATP falls sharply. We cannot speak 
of slowly reacting SH groups, but not because their reaction with ATP is entirely ruled out; only because of the 
absence of direct methods for determining them, that is, by the experimental data, The specificity of binding 
SH by ATP, shown by the nitroprusside method, is still further emphasized by the fact that even ADP, chemically 
so close to ATP, does not give this reaction, All this allows us to consider that ATP actually reacts with SH groups 
and this reaction is specific. 


Can this reaction of ATP with SH groups, then, be considered an enzyme-substrate reaction? This question 
leads to a discussion of which SH group of myosin is connected with its AT P-ase activity, the free or the slowly 
reacting. 


Bailey and Perry [10] found that 80% of the enzyme activity of myosin was connected with its free SH groups. 
On the other hand, heat denaturation and urea treatment increase the amount of free SH but inactivate myosin 
ATP-ase, This argument is not absolutely valid since ATP probably reacts only with definite SH groups which 
could be destroyed by thermal denaturation of myosin, Barron and Singer [4] showed in 1944 that binding free SH 
groups by p-chloromercuribenzoate lowered ATP~-ase activity only 11%, Later, in his review [8], Barron accepted 
the ideas of Bailey and Perry [10] but did not deny the experimental data. According to Kielley and Bradley [28] 
and Polis and Meyerhof [29], binding some of the free SH groups even activates myosin ATP~=ase, 


However, these facts still leave doubt, since addition of mercury to the myosin molecule may lead to some 


direct or indirect change in SH groups which are not combined with the metal so that they gain the ability to react 
with ATP. 


Figures 12 and 13 suggest that reaction of ATP with some free SH groups of myosin is of the enzyme-~substrate 
type. In all cases the parallel between change of such a characteristic property of myosin as AT P-ase activity and 
content of SH groups bound by ATP supports this idea fully, Also, it seems strange that the reaction of ATP with 


SH groups requires a time of several minutes, If there were no secondary process here, it would be more natural 
for the reaction to be instantaneous, 
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We can give only a few ideas about the mechanism of the stabilizing action of ATP on myosin after its heat 
treatment, 


We should never forget the possibility of the participation of various nonspecific processes, since ATP is a 
strong fon with many charges and has a high affinity for metal fons, solvation, etc, However, we obtained some 
indications of participation of the myosin SH groups in this effect. In this connection Figs, 12 and 13 show a paral- 
lelism between decrease in SH groups bound by ATP and the decrease in ATP=ase activity of myosin, 


During this work we were inclined to assume that the stabilizing action of ATP might be connected with 
its ability to increase the number of hydrogen bonds, This idea could explain many of our findings but an experi- 
mental test did not furnish the desired confirmation of this hypothesis. It may be that this condition ts part of the 
AT P-blocking of the myosin SH groups and so the stabilization of these groups (and perhaps of the whole molecule) 
results from complex changes which develop in a denatured protein, as has been assumed in other cases of this sort. 


Kauzmann [30], for instance, considers that the SH groups liberated by the opening of a polypeptide spiral 
of egg albumin and serum albumin during denaturation can give disulfide bridges between different spirals and 
thus cause a sharp increase in viscosity. Blocking the SH groups in this case hinders increase in viscosity. 


SUMMARY 


Amperometric titrations of myosin SH groups is a sufficiently rapid and accurate method, Titration with 
silver gives 8.3-8.9°107* mole SH group/mg myosin; titration with mercuric chloride in a borate buffer gives 
a lower value. Only the free and slowly reacting SH groups in myosin are determined; we could not determine 
the masked groups by the amperometric method. 


The direct visual nitroprusside reaction gives for myosin 3.0-3.5-107* mole free SH groups/mg of protein, 
and after applying a correction, 2,1-2.5- 107° mole/mg protein, 


By the use of the nitroprusside reaction we showed the existence of a reaction between ATP and myosin SH 
groups (the amperometric titration did not give positive results), ATP at concentrations of 2: 10~> M combines 
with up to 70% of the SH groups as determined by the nitroprusside test. This reaction is specific and is probably 
of the enzyme-substrate type. The stabilizing action of ATP on heat-treated myosin affects ATP-ase activity, 
formation of the actomyosin complex and viscosity of myosin solutions, The SH groups probably take part in the 
stabilizing effect. 
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SEDIMENTATION AND DIFFUSION OF a- AND B-COMPONENTS OF 


PROCOLLAGEN AND THEIR QUANTITATIVE RATIO IN THIS PROTEIN 


V. N. Orekhovich and V. O. Shpikiter* 


Institute of Biological and Medical Chemistry, Academy of Medical Sciences of the USSR, Moscow 


Breakdown of procollagen into its component parts occurs in the process of denaturation of procollagen solu- 
tions by moderate heating, action of urea, thiocyanate, etc, These component parts of the protein molecule were 
discovered by ultracentrifuge examination [1]. Since we did not succeed in isolating the separate components by 
various methods used previously for fractionation of gelatin [2-7], we developed a method of isolating procollagen 
components by precipitating them from solution of 5 M urea with ammonium sulfate at 37° [8]. The component 
which precipitated out at a slower rate was designated a-component and the one which precipitated more rapidly, 
B-component. The orientation experiments on measurement of coefficients of sedimentation and diffusion reported 
in our preliminary communication [8] made it possible to assess the order of the molecular weights of these com- 
ponents (80,000 and 130,000), but the presence of marked dependence of the sedimentation coefficients on the 
concentration of the protein demanded a more precise determination of the data by means of extrapolation of the 
coefficients to infinite dilution, The question of the quantitative ratio of the a- and 8 -components in the pro- 
collagen molecule also remained open. We refrained from drawing conclusions on this subject since the ratio of 
peak areas in sedimentation diagrams for denatured procollagen might not have corresponded to the true quanti- 
tative ratio of proteins in solution as the result of the well-known Johnston-Ogston effect [9]. The present work is 


devoted to the investigation of sedimentation and diffusion of the a- and 8 -components, as well as to elucidation 
of their quantitative ratio in procollagen. 


METHODS 


Procollagen was isolated by extraction of macerated rat skin with an acid citrate buffer (pH 4). The extrac- 
tions were carried out at 3-5°, The liquid was poured off every day and the tissue residue again covered with buf- 
fer solution. Extracts obtained during the second and third days were used for the experiments. The liquid was 
filtered twice through filter paper; acetone was then added to a final concentration of 30% (by volume). The pre- 
cipitate formed was centrifuged (2000-3000 rpm for 5 min) and washed by centfuging five-six times with 30% 
aqueous acetone solution, then five-six times with distilled water adjusted to pH 7 (by addition of a small amount 


of NaHCOs). The procollagen precipitate was then spun down in the centrifuge over a period of 10 min at 15,000 g; 
the paste-like mass so obtained was stored at 3-4°. 


The a- and 6 -components of procollagen were isolated as follows. 3-5 g of the paste-like mass of procol- 
lagen (containing about 10% dry protein) was stirred with 50-70 ml aqueous solution of 5 M urea and left overnight 
in the refrigerator at 3-5°, The next day this usually very viscous solution was heated on a water bath for 10 min 
at 36-37° and then filtered through a paper filter in a thermostat at 37°. The filtrate volume was made up to 100 
ml with 5 M solution of urea. To 100 ml of this solution was added slowly and with good stirring 60 m1 of aqueous 
solution of ammonium sulfate saturated at 16° and preheated to 37°, During the addition of the first lots (up to 50 
ml) of ammonium sulfate solution the liquid remained clear, while the last 5-10 ml produced rapid clouding of 
the solution. After remaining in the thermostat for 2-3 hrs the precipitate, consisting chiefly of the 8 -component, 
was separated by centrifuging (3000 rpm for 5 min), dissolved in 10-15 ml 5 M urea and refrigerated, The super- 
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natant liquid obtained on centrifuging was placed in the thermostat; the thermostat was switched off and the solu- 
tion was allowed to cool slowly to room temperature. A precipitate consisting of a mixture of a- and B -compo- 
nents separated out, The next day the liquid with precipitate was warmed to 37° with frequent stirring, the remain- 
ing precipitate was separated by centrifuging and discarded, Following centrifuging 15-25 ml ammonium sulfate 
solution was added to the liquid at 37°, The precipitate formed and containing mainly the a-component was se- 
parated by centrifuging, dissolved in 10-15 ml 5 M urea and refrigerated, For further purification of the 8 -com- 
ponent its solution was made up to 20 ml with 5 M urea, then about 11 ml ammonium sulfate solution was added 
to it at 37°. The precipitate formed was separated by centrifuging (10 min at 15,000 g). The deposit of the 6 - 
component thus obtained was dissolved in 3-5 ml 20% solution KCNS in | M phosphate buffer (pH 8) and re- 
frigerated at 3-5°,. For further purification of the a-component a saturated solution of ammonium sulfate was 
slowly added at 37° to 20 ml of the component in 5 M urea. As soon as clouding of solution appeared the addi- 
tion of ammonium sulfate was stopped, the precipitate was spun down after 1-2 hrs and discarded. The volume 

of liquid remaining after centrifuging was made up to 40 ml with ammonium sulfate solution. The precipitate 

of the a-component formed was separated by centrifuging (15,000 g for 10 min), dissolved in 3-5 ml 20% solu- 
tion of KCNS in '/4; M phosphate buffer (pH 8) and refrigerated, 


These solutions of the a- and 8-components were diluted to half the concentration with distilled water 
and dialyzed against 10% solution of KCNS in 4/3) M phosphate buffer (pH 8) for 30-40 hrs before being used in 
experiments on sedimentation and diffusion. 


Sedimentation was carried out in the Svedberg ultracentrifuge [10] with rotation rate of 56,000 rpm, tem- 
perature 21-22°, in some of the experiments 26-27°. Prior to the experiments the solutions were filtered through 
a glass filter, 


Diffusion was carried out in apparatus described by Lamm [11] at 25°, control over diffusion being achieved 
by means of the superimposed scale method [11]. Prior to the experiments the protein solutions as well as the 
solvent were filtered through a glass filter, 


The concentration of protein in the solutions was determined by the area of peaks in diffusion diagrams cali- 
brated by means of experiments on diffusion of serum albumin solutions of known concentration, It was assumed 
that the refractive indices of the proteins mentioned were the same. In some experiments on sedimentation deter- 
mination of the concentration of protein in solution was effected by prolonged dialysis of a definite volume of the 
protein solution against large amounts of distilled water, followed by precipitation with ethanol, washing with 
boiling alcohol and drying with alcohol and ether after which the dry residue was weighed. 


Investigation of Sedimentation of the a- and B -Components 


The breakdown products of procollagen resemble gelatin in a number of their properties and it was there- 
fore extremely important to conduct the experiments under conditions which would exclude the aggregation of 
gelatin-like particles which the procollagen components,to a certain extent,are. With this in mind, the experi- 
ments were carried out in solutions containing 10% KCNS which, according to Carpenter's data [12] is a powerful 
dispersing agent and prevents aggregation of gelatin. The possibility of aggregation was also lessened by raising 
the temperature to 27° and lowering the protein concentration to 0.3%, 


Figure 1 shows graphically the relation of the reciprocal of 
the sedimentation constant (1/s) and concentration of proteins in solu- 
tion. The sedimentation coefficients were brought to standard con- 
ditions (H,O at 20°) by correcting for density, viscosity and tempera~ 
ture of the solvent according to Kraemer [13]. 


As Fig. 1 shows, the sedimentation coefficients for the a- and 
8 -components depend substantially on the concentration of the pro- 
ai 02 03 tein in solution. At infinite dilution the sedimentation constant for 
g/100 ml the a-component is 4.0 and for the 8-component 5.7 Svedberg 


Fig. 1. Relation of sedimentation coef- units. 


ficients to concentration of proteins in 
solution; 1) a-component; 2)8-compo- 
nent of procollagen. 
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Investigation of Diffusion of the a- and 8-Components of Procollagen 


Studies of the diffusion of a- and 6 -components were made at 25°, with 10% solution of KCNS in 4/s) M 
phosphate buffer (pH 8) serving as solvent, The minimal concentration of protein in solution reached 0.1%, If 
the presence of a concentration gradient in the vicinity 
Diffusion Coefficients for the a- and 6B -Components of the solution— solvent boundary is taken into account, 
of Procollagen the mean concentration of the diffusing part of the solu- 
tion may be considered to be half, and reached 0.05%, 


7 Conc, in ~componen{6 ~component These conditions should have ensured sufficient kinetic 
g/100 ml Ip, D freedom of the diffusing particles. Diffusion coefficients 
| | presented in the table were calculated by the maximal 
: | ordinate and area (D,) method and the second moments 
1.5* method (Dy); the values obtained were reduced to 
0.25 2.6* | 2.4* | 2.5° | 2.0° standard conditions (H,O at 20°), 
0.2 2.0" | 2.0" 
0.15 2.8% | 2.5¢| — — The data presented in the table show that the 
values of the diffusion coefficient for the a-component 


are close to one another. The values of the diffusion 

coefficient for the 8 -component differ from one another 
Average values from several experiments, considerably and were not always reproducible exactly 

in repeat experiments with the same concentration of 
protein, It must be noted that we did not succeed in obtaining again the diffusion coefficient values of 3.7-107" 
and 2.7°107' cm?/sec established by us for the a~ and 8 -components in one trial experiment and reported in a 
preliminary communication [8]. It is possible that such values were obtained as the result of an experimental error. 


In order to determine the diffusion constants (D),the values (D4 + Dm) /2 for each component were plotted 
on a graph against concentration of ee in solution, Extrapolation to infinite dilution gave D = 2.6: 107? for 
the a-component and D = 1.6- 107’ cm*/sec for the B-component. The divergences in the results of individual 


Calculation of the Molecular Weights of the a- and B -Components and the Degree 
of Their Asymmetry 


The molecular weights were calculated using well-known meget formula: M = sRT/D (1— Vp). The 
specific partial volume was not determined but taken to be V = 0.7 cm°/g. For the a-component, abing s=4S 
and D = 2.6- 107" cm?/sec , the value M = 125,000 was obtained; for the 8 -component, taking s = 5.7S and D = 
= 1,6-107’cm?/sec, the value M = 290,000, The possibility of imprecision in the diffusion constant for the B- 
component mentioned above means that the value M = 290,000 must be considered approximate. 


Calculation of the ratios of friction coefficients (f /fy = 2.5 for the a-component and f/f) = 3.1 for the B- 
component) and assumption of the elongated ellipsoid as a hydrodynamically equivalent form gave the following 
degrees of asymmetry: b/a = 17, for the a-component and b/a = 4/ss for the B -component, 


Determination of the Quantitative Relationships of the a- and B -Components in the 
Procollagen Molecule 


The quantitative ratio of the a- and 8 -components in the procollagen molecule was determined by the 
ultracentrifuging method. 


For this purpose protein was precipitated quantitatively from part of the solution designated for fractiona- 
tion and isolation of the components (see above, solution in 5 M urea after filtration at 37°) by adding an equal 
volume of ammonium sulfate, The precipitate was separated by centrifuging, dissolved in 20% solution of KCNS 
in 1/4, M phosphate buffer (pH 8), diluted to twice the volume with water and dialyzed against 10% KCNS in 

174M phosphate buffer (pH 8). 


Sedimentation diagrams of the "initial" solution (1) as well as of solutions of the a- and 8 -components 
prepared as descirbed above are presented in Fig. 2. Comparison of the sedimentation diagrams of the initial 
preparation and of the solutions containing artificially made-up mixtures of the a- and 6 -components in various 


experiments suggest that there may be some imprecision in the value of the diffusion constant for the 8 -component, 
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Fig. 2. Sedimentation diagrams; 1) initial preparation of denatured procol- 
lagen; 2) a-component; 3) 8-component of procollagen; 4) artificial mix- 
ture of a- and 8-components in the ratio 2:1; 5) the same in the ratio 1;1; 
6) the same in the ratio 1:2. Solvent; 10% KCNS in */3) M phosphate buffer 
(pH 8); rotor temperature 27°, rate of rotation 56,000 rpm. 


ratios suggests that the quantitative ratio of these components in the procollagen molecule is 1:1, i. e., one part 
by weight of one component is matched by one part by weight of the other. 


It is interesting to note that these diagrams serve as good illustrations of the Johnston-Ogston effect [9]. 
Despite the fact that in one of the solutions the amount of the 8 -component present is twice that of the a-com- 
ponent, the area of the peak for this component is almost half that of the a-component (Fig. 2, 6). 


DISCUSSION OF RESULTS 


We do not at present have sufficient experimental data to make firm conclusions concerning the structure 
of the procollagen macromolecule. The weight ration (1: 1) of the components with molecular weights of 125,000 
and 290,000 suggests that the procollagen molecule contains two molecules of the a-component and one molecule 
of the 8-component, Naturally, the process of denaturation as well as the presence of large amounts of KCNS alter 
markedly the configuration and degree of asymmetry of these components compared to their state in unchanged 
procollagen, Nonetheless, the fact that the degree of asymmetry of the 8 -component (approximately 1/55) is 
about twice that of the a-component (approximately th) suggests the possibility of parallel position of these 
components in the natural protein; the length of two units of the a-components must then equal the length of 
one particle of the B-component. The high value of specific polarization rotation, [a] = 300, found for procol- 
lagen and other collagen-like proteins [14, 15] is apparently determined by the spiral structure of the procollagen 
molecule and its constituent components, Such a hypothesis is supported by studies of the dispersion of optic rota- 
tion of ichthyocolla [15] and data concerning the role of spiral configurations of polypeptide chains in light plane- 
polarization rotation [16]. During denaturation these spirals must be destroyed, partially or completely, since the 
value [a] drops to as low as ~ 100, The fact that heat-treated solutions of procollagen show an ability to gel 
indicates that in the process of denaturation some groups are set free which are able to form intermolecular bonds. 
In the natural structure the latter are evidently directed inwards in the molecule and are sufficiently compensated. 


It is quite likely that breakdown of the molecule into the a- and 8 -components is one of the stages of pro- 


collagen cleavage and that under appropriate conditions it may be possible to decrease further the molecular 
weight of these components, 
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It should be mentioned that the presence of two components was noted by us earlier in solutions of denatured 
ichthyocolla from the swim bladder of carp prepared according to Gallop's method [17], as well as of denatured 
soluble collagen from the skin of codfish obtained by the method described by Esipova [18]. Both preparations were 
treated and investigated under similar conditions as the "initial" preparation of denatured procollagen mentioned 
above. These observations allow us to consider that such two-component composition {s a generally consistent 
feature of the structure of collagen-like proteins, P, Doty has reached a similar conclusion (personal communica- 
tion), Recent studies of certain fibrillar proteins and of the structure of DNA suggest that two-component nature 
may be inherent in many natural structural high-molecular substances and may determine certain of their specific 
functional properties. 


Quite recently we were fortunate enough to become familiarized with reports kindly sent to us by Professor 
P, Doty concerned with the study of the molecular properties and thermal stability of soluble collagens [19], In 
particular, this work confirms the presence of two components in solutions of denatured ichthyocolla and soluble 
collagen from codfish skin. Two components of the former were {solated by fractionation with alcohol and con- 
tained different quantities of hydroxyproline. Two components have also been discovered on denaturation of soluble 
collagen from calfskin; their molecular weights are 120,000 and 230,000. The heavier product decomposed on 
heating at pH 12, the products so obtained showed a sedimentation rate corresponding to that of the lighter com- 
ponent, In the same work it {is concluded, on the basis of comparison ot the temperature thresholds of denatura- 
tion of various collagen-like proteins in solution, that the hydrogen bonds formed by hydroxyproline participate 
in the stabilization of the collagen molecule, It should be noted that a similar conclusion was reached by N. G. 
Esipova as the result of similar studies on soluble collagen prepared from calfskin, pike and codfish skin [18]. 


SUMMARY 


On the basis of data obtained in studies of sedimentation and diffusion of a- and 8 -components of procol- 
lagen in 10% solution of KCNS in * has M phosphate buffer (pH 8) the values of the sedimentation and diffusion con- 
stants have been calculated, as well as the molecular weights of these components, The values found for the a- 
component were: s=4,0S; D = 1077 cm?/sec and M = 125,000; for the 8-component s = 5.78; D=1.6- 107" 
cm?/sec and M = 290,000, 


Using the ultracentrifuging method, it was established that the ratio of the a- and -components in the pro- 
collagen molecule was 1:1 by weight, It is postulated that the procollagen molecule contains two particles of 
the a-component and one of the B -component. 
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SULFANILAMIDE ACETYLATION AS A MEANS OF COENZYME A 
ASSAY IN HIGHER PLANTS 


A. R. Guseva and M. G. Borikhina 


The A, N, Bakh Institute of Biochemistry, USSR Academy of Sciences, Moscow 


There exist a number of methods for the estimation of the acetylation coenzyme (CoA).* The majority of 
these methods, however, have been tested with either purified CoA preparations or with animal tissues. 


CoA investigation in higher plants is not yet far advanced, There are only a few scattered reports on the dis- 
tribution of CoA in higher plants [2]. 


CoA assay in some of the higher plants was attempted by the present authors, 


The method used for CoA assay was that of Kaplan and Lipmann [3], as modified by Novelli [1]. The me- 


thod makes use of the ability of CoA to cause acetylation of sulfanilamide in the presence of ATP, acetate and 
suitable enzymes: 


ATP +E, = E,AMP + PP 
EyAMP + CoA E,CoA + AMP 
E,;CoA + acetate * acetyl-CoA + Ey 
E, + acetyl-CoA + SA = acetyi-SA + CoA + E, 


CoA was assayed as the decrease in SA concentration as a result of acetylation; {t was expressed in Lipmann 


units [2](one Lipmann unit was defined as the amount of CoA which brought about one-half of the maximal acti- 
vation of the assay system). 


SA was estimated according to Bratton and Marshall [4] colorimetrically, following diazotization and coup- 
ling with naphthylethylenediamine dihydrochloride, 


In actual practice 0.5 ml of an aqueous SA solution, containing 1-30 yg of the amide, was mixed with 0.5 
ml of 5 N HCl and 0.5 ml of a 0.3% solution of sodium nitrite and allowed to diazotize for 3 min, The solution 
was then treated with 0.5 ml of 10% urea and allowed to stand for 5 min in order to destroy excess nitrite; coup- 
ling was then accomplished by the addition of 0.5 ml of a 0,025% solution of naphthylethylenediamine dihydro- 
chloride, The stable red color which appeared was measured on a FEK colorimeter with a green filter, The me- 


thod is very sensitive and allows the estimation of 0.1 1g of SA. A rat liver acetone powder preparation, contain- 
ing one unit of CoA per mg, was used as a standard. 


This standard was prepared according to Kaplan and Lipmann [3] from livers of young rats; the livers were 
excised immediately after the animals' death, frozen in dry ice and ground to a fine powder in a mortar; the pow- 
der was stirred into three volumes, by weight, of boiling water. The mixture was boiled for 5 min , cooled rapidly, 
strained through gauze and centrifuged for 30 min at 6000 rpm. The supernate was decanted, an equal volume of 


* The following abbreviations will be used: Coenzyme A— CoA; sulfanilamide — SA; Adenosine triphosphate, 
-diphosphate and -monophosphate — ATP, ADP and AMP, respectively; pyrophosphate — PP; acetate-activating 
enzyme — Ey; acetopherase — Ep. 
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acetone was added, and the mixture was allowed to stand for 2 hrs. The suspension was centrifuged, the precipi- 
tate discarded, the supernate acidified with HCl to pH 2, 10 volumes of acetone added and the mixture was allowed 
to stand overnight. On the following day the supernate was siphoned off as far as possible and the remaining sludge 
was centrifuged for 30 min at 6000 rpm; the precipitate was washed five times with acetone in the centrifuge. 

The washed powder was dried in vacuo over P,Os. All operations were carried out in the cold room maintained 
between 0 and 5°. The CoA preparation remained active for many months. 


In order to prepare the various enzymatic frac- 
tions, livers from freshly killed pigeons were frozen 
and ground in a precooled mortar, the powder was washed 
with cold acetone and the suspension filtered under suc- 
tion; the acetone washing procedure was repeated several 
times. The proportion of acetone was about 100 ml per 
5 g of liver. The liver powder was finally washed with 
freshly distilled sulfuric ether. The ether was purified 
by preliminary washing with 5% permanganate solution, 
dried over CaCl, and distilled. The entire treatment 
of the liver should be carried out in the cold and as 
rapidly as possible, The acetone powder was dried in 
/ 2 3 vacuo over P,O;. The dry powder (1.5 g) was then ground 
CoA preparation added, mg for 5 min in a manual homogenizer with 15 ml of cold 


t t 

The relationship between the amount of CoA prepara- 0.05 M KHCOs solution and the suspension centrifuged 
, for 30 min at 300 rpm, The precipitate was discarded. 
tion added and amount of SA acetylated. 

The supernate was left in dry ice for 24 hrs; this caused 
the freezing out and precipitation of a considerable proportion of ATPase present. In order to destroy the endogen- 
ous liver CoA present, the preparation was allowed to age for 6 hrs at room temperature (18-20°), This treatment 
brought about the destruction of both the CoA and the CoA-destroying enzyme. The suspension was again centri- 
fuged in the cold for 30 min at 6000 rpm, the precipitate was discarded and the supernate recentrifuged for 40 min 
at 15,000 rpm. The precipitate was discarded and the supernate was distributed into small test tubes, 0.25 ml in 
each, These individual samples were then frozen and stored in Dewar flasks filled with dry ice. Enzyme prepara- 
tions thus stored remained active for several months, 


SA acetylated 


In CoA assays aliquots of the test material were ground in the mortar, stirred into boiling water (the amount 
of water used depended on the approximate CoA content of the given sample; thus 10 ml of water was used for 
each g of liver and 5 ml for each g of yeast) and boiled for 5 min with constant stirring. The suspension was cooled 
rapidly, made to volume, strained through gauze and centrifuged. CoA was then assayed in the supernate, 


Two stock solutions were made up; solution I contained 2.25 ml of 0.02 M sulfanilamide; 2.5 ml of M 
sodium acetate; 8 ml of 0.56 M ATP asthe K salt, and 27.8 ml of water. Solution II contained 0,25 ml of the 
enzyme solution, 0.5 ml of phosphate buffer, pH 7.5, 0.5 ml of 0.2 M cysteine (the latter was stored as the hydro- 
chloride and was neutralized with KHCOg solution prior to use). 


Solution II (1.25 ml) was mixed with 0.5 ml of solution I and 0.15 ml! of the test solution + 0,15 ml of water. 
Blanks, containing no test solution, were incubated simultaneously. Incubations were carried out for 2 hrs at 38° and 
were stopped by the addition of 4 ml of 5% trichloroacetic acid, The suspensions were filtered, and 0.5 ml aliquots 
of the filtrates were taken for diazotization and coupling, as described above. 


The CoA content of the preparation was calculated from the amount of SA acetylated, the latter being the 
difference between the blank and test determinations, 


This method of CoA assay was tested on a standard acetone powder preparation from young rats’ livers. 


It will be seen from the plot(figure) that a linear relationship between CoA concentration and the amount 
of SA acetylated held at low CoA concentrations. 


CoA was assayed by the above-described method in rat and pigeon liver, in bakers’ yeast and in Penicillium 
mycelium, 
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The results of the assay are given below: 


CoA 
(in units per g of wet weight) 


Rat liver 10 
Pigeon liver 50 
Bakers" yeast 17 


Penicillium mycelium 13 


Having acquired the necessary technique in the assays of animal tissues, the authors applied the CoA assay 
to some higher plants, 


TABLE 1 


The CoA Content of Plant Material 
In units per g wet weight 


Plant material 


Bean 
Etiolated bean 
Beet 

Tobacco 

Pea 


Shoot cotyledons 
Leaves 


Sunflower 
Etiolated sunflower 


Shoot cotyledons 
Tuber 


Carrot 


TABLE 2 


The Inhibition of SA Acetylation by Some Plants 


Bean 
Etiolated bean 
Pea 


Leaves 


Shoot cotyledons 


7 Sunflower Leaves 
Shoot cotyledons 
Seeds 
Carrot Tubers 


Aliquots of fresh plant material were rapidly ground and placed into boiling water (volume of water equal 


to the weight of material), the suspension was boiled for 5 min and centriguged, The supernate was assayed for 
CoA as described above, 


It will be seen from Table 1 that no CoA could be found in a number of plants by the SA acetylation assay 
method. 


Since the absence of CoA from some plant tissues was not very probable, it was concluded that the plant ex- 
tracts contained some agents which inhibited sulfanilamide acetylation. 


This was verified by checking the effect of various plant extracts on SA acetylation in the standard system 
described above. Experimental mixtures contained the acetone-powder CoA preparation, or CoA from yeast, to- 
gether with 0.15 ml of one of the plant extracts prepared for CoA assay. 


Leaves 0 
2.0 
0 
0 
2.5 
0 
0 
3.5 
10 
25 
90 
25 
90 
10 
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It will be seen from Table 2 that all of the plant extracts, in which no CoA was found, were inhibitory in 


the acetylation reaction; it was thus confirmed that some plant extracts contained agents which are inhibitory 
in vitro to SA acetylation, 


It was shown in 1950 by Beiler et al, [5] that substances with vitamin P activity had an inhibitory effect on 
choline acetylase, 


In order to gain further information about the nature of the inhibitory agents a number of compounds were 


tested, by addition to the complete incubation mixture, for possible inhibitory activity; the assay was then carried 
through as usual, 


TABLE 3 


The Inhibition of Enzymatic SA Acetylation by Some Compounds 


Final conc, 


Compound in reaction : 
P mixture inhibitior 


%o Final conc. 
Compound inreaction lo 
mixture inhibition 


Chlorogenic Resorcinol 
acid 


Hydroquinone 


Pyrogallol 
" Quinic acid 
Phloroglucinol 3.5- Caffeic acid 
Malic acid 
Succinic acid 
Tyrosine 
Phenylalanine 


Pyrocatechol 


Resorcinol 


TABLE 4 


Chlorogenic Acid Content of Some Plants 
In % of dry weight 


Bean Leaves 
Etiolated bean 


Pea 


Shoot cotyledons 
Sunflower Seeds 


Shoot cotyledons 
Carrot Tubers 


It follows from Table 3 that some compounds of a phenolic nature were inhibitory against SA acetylation. 
A particularly high degree of inhibition was shown by chlorogenic and caffeic acids, 


Chlorogenic acid content was then determined in a number of plant tissues, using the method of Hofner, 
modified as described earlier [6]. 


A comparison of Tables 2 and 4 shows that the inhibition of SA acetylation by various plant extracts bore 
a close relationship to their chlorogenic acid content, All plants containing chlorogenic acid were nearly com- 
pletely inhibitory, while those containing none, or only traces, of this acid, were only slightly inhibitory. 


It has been reported by Sisakian and Smirnov [7] that C4-acetate was incorporated into the chloroplast fat 
of green sunflower cotyledons. The same authors also reported that no such incorporation into the fatty acids of 
bean leaves took place during incubation of leaf chloroplast suspensions in the presence of c*-acetate. 


It may be assumed that CoA inactivation by chlorogenic acid took place during the isolation of the chloro- 
plasts from the bean leaves, in which the inhibiting substance is present in large amounts, 


ae 
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The green cotyledons of sunflower shoots were found to contain only traces of chlorogenic acid, and in the 
present investigation extracts of this tissue were shown to be only slightly inhibitory toward SA acetylation. 


It is possible that CoA activity is preserved during the isolation of chloroplasts from sunflower cotyledons, 
and that the coenzyme can thus participate in fatty acid synthests from acetate. 


The inhibitory effect of some plant extracts on SA acetylation in in vitro experiments is due to their content 
of various polyphenolic compounds of a wide distribution in nature, 


The inhibition of SA acetylation in the enzymatic system described may be due to the inhibition of either 
CoA itself, or of the enzyme concerned with SA acetylation, 


The inhibitory nature of the phenolic compounds tested may be due to the ease with which they may be 
converted into quinones, which may in turn cause CoA oxidation. 
SUMMARY 


The sulfanilamide acetylation method was used for the assay of CoA in some higher plants, 


Extracts from some higher plants were shown to be inhibitory toward the enzymatic acetylation of SAin 
vitro. 


A number of compounds were tested for possible inhibitory activity toward SA acetylation. It has been 
established that various polyphenolic compounds, and particularly chlorogenic and caffeic acids, inhibited SA 
acetylation. 


LITERATURE CITED 


[1] D. Novelli, in the book: Glick, D., Methods of Biochem, Analysis, vol, II, p. 194 (Interscience Publ., 
N. Y.-London, 1955). 


[2] E. Setfter, Plant Physiol. 29, 403 (1954). 


[3] N. Kaplan and F, Lipmann, J. Biol. Chem. 174, 37 (1948). 

[4] A. Bratton and E, K. Marshall, J. Biol. Chem, 128, 537 (1939), 
[5] J. Beiler, R. Brendel, M. Graff and G, Martin, Arch, Biochem, 26, 72 (1950). 
[6] A. R. Guseva, Doklady Akad, Nauk SSSR 94, 1137 (1954). 
(7) N. M. Sisakian and B. P. Smirnov, Biokhimiia 21, 273 (1956).* 


Received August 2, 1957 


* Original Russian pagination, See C. B, translation, 


“a 
| 
5, 
ag 
oe 
| 
276 


AN APPARATUS FOR DESALTING AMINO ACID SOLUTIONS 


D. I. 


Semenov 


Biophysics Laboratory, The Ural Division, USSR Academy of Sciences, Sverdlovsk 


The past decade has witnessed the universal spread of the use of chromatographic analysts, initiated by the 
outstanding Russian scientist, M. S. Tsvet [1]; the method has been widely applied in the study of various meta- 
bolic processes, and particularly in amino acid metabolism. 


The. technique of paper chromatography is extremely simple, and provided a number of factors (quality of 
paper, concentration of solvents, pH, temperature, etc.) are taken into consideration, the results are quite clear 
and completely reproducible. The most laborious step is the preparation of the actual sample (blood, serum, tissue 


The apparatus for amino acid desalting. A) The cylin- 
der for the amino acid solution, complete with mem - 
brane, B) Anode compartment, containing HgSQ,. 

C) Three-way tap. D) Two-way tap. E) Cylinder with 
bulk of mercury; a) spherical distension, b) platinum 
wire, 


homogenate, urine, etc.) before spotting on paper: this 
involves the removal of proteins, peptides and salts 
which can distort considerably the final resolution [2]. 


The apparatus proposed by Consden, Gordon and 
Martin [3] may be used for the removal of salt from 
amino acid solutions {solated from animal or plant 
sources, Although undoubtedly of great value, the 
above apparatus suffers from a number of shortcomings. 


1. The volume of the solution to be desalted can- 
not be below 30 ml, Solutions obtained by means of 
ultrafiltration (1-2 ml) or dialysis (10-15 ml) of tissue 
homogenates must therefore be diluted to 30-50 ml, 
with the result that, first, the desalting is considerably 
slowed down, secondly, the process is incomplete (due 
to low salt concentration as a result of dilution) and, 
thirdly, considerable time {s lost subsequently on the 
final evaporation of the solution (to several i liters) 
prior to spotting on paper. 


2. The desalting process takes several hours which, 
apart from loss of time, alters the amino acid composi- 
tion of the solution [4} the arginine to ornithine con- 
version, which takes place depends on the desalting 
time and can reach 50%, 


3. The temperature of the solution reaches, and 
sometimes exceeds, 50°, which fs highly undesirable 
and may also lead to some changes in its composition, 


4, At the completion of the desalting procedure certain inconveniences in connection with the removal of 
the solution or of the electrode (a graphite rod with a cellophane bag containing sulfuric acid) may lead to back- 


diffusion of fons into the desalted solution. 
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5. The only possible means for removing the desalted solution — by pipetting it off the mercury surface — 
leads to considerable losses of solution, which is particularly undesirable with small quantities of material. 


The apparatus described in the present communication (figure) does not suffer from these shortcomings and 
may be used for the rapid desalting of low-volume (1-3 ml) amino acid solutions, 


Description of Apparatus 


The apparatus, first proposed by us in 1952 [5], consists of a glass (other than lead) cylinder A§ 10-12 mm 
in diameter and 140-150 mm high, fixed in a glass jacket B (by means of either a ground joint or rubber sleeve). 
The lower, narrow portion of the cylinder is joined to a three-way tap C, through which the mercury flows back 
to the left-hand portion of the apparatus, A drawn-out knee-shaped tube leads from a two-way tap into the top 
opening of the cylinder A, the tip of the tube being slightly bent toward. the back wall of the cylinder, and ter- 
minating approximately level with the center of a cellophane membrane, placed on the front wall of the cylinder 
and stretched on the flayed-out edges of a round opening in this wall, with a diameter of 10 mm. 


The outer jacket B has a lower inlet tube for the 0.1 N sulfuric acid, and an upper tube for its outlet. 


The all-glass, left-hand part of the apparatus contains a spherical expansion (a) at the point where the water- 
delivery tube joins the tube leading to the cylinder E, Although mercury flows uninterruptedly from the drawn out 
tip of the tube D during the operation of the apparatus, the two systems have been electrically closed, as a pre- 
caution, by means of conductor fixed to sealed-in platinum wires at positions (b), 


The separate parts of the apparatus are joined by vacuum tubing. The assembled apparatus is held in a stand 
which also houses a mobile clamp holding the carbon electrode and a thermometer, Tap water is supplied into 
the apparatus through vacuum tubing. 


The anode is provided by a graphite rod, while an fron rod, immersed into the mercury in cylinder D, serves 
as a cathode, A source of direct current is applied through a rheostat (100 ohms, 2.5 a), which allows regulation 
of the current and voltage, which may be read from a multiscale milliammeter and voltmeter, respectively. 


Preparation of Assembly for Operation 


With the taps C and D open the apparatus is charged with mercury through the cylinder E until mercury be- 
bins to flow from the tube D, The water tap is then turned on and the movement of the water forces the mercury 
into cylinder E, from which the mercury passes through the tap D into the cylinder A; the water runs off through 
the upper opening in the cylinder FE, Since this will cause a drop in the mercury level in the cylinder £ , more 
mercury should be added (through cylinder E), until its level in the cylinder A, during circulation, is approximately 
5 mm below the membrane level. The spherical expansion (a) serves to absorb the fluctuation of mercury level in 
the cylinder A; if, however, such fluctuations persist, the water flow should be increased, This will cause the level 
of mercury to fall somewhat in cylinder A; this may be corrected without the addition of further mercury, either 
by increasing its supply through the tapD , or by decreasing its outflow through tap C, 


Operation of Apparatus 


When the mercury level in the cylinder A has been adjusted with the water flowing, the graphite electrode, 
together with the thermometer, are lowered into the jacket B (on the back side, in order not to damage the mem- 
brane),the solution to be desalted (2-3 ml) is introduced into the cylinder, the apparatus is connected to the DC 
source (initial voltage should not exceed 50 v), and the jacket is filled with sulfuric acid, the flow of which ts 
regulated, by means of a screw-clip, so that the working temperature within the apparatus does not exceed 25-30". 
The rapid flow of mercury through the solution also contributes to its cooling, as well as assists its mixing, renewal 
of electrode surface and the rapid transfer of the cations captured within the mercury, 


The structure of the present apparatus greatly accelerates the desalting process, While in the apparatus of 
Consden et al, desalting requires 1,5 (with a final voltage of 220 v) to 3.5 (with a final voltage of 110 v) hrs, the 


* It is convenient to use the lower portion of a 50-m1 graduated burette, cut off at the level of the 41 ml mark; 
this allows us to keep a check on volume of the desalted solution, 
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process requires only 5-7 min when the present model {s employed. No special experiments were carried out in 
order to follow any possible conversion of arginine to ornithine, as it has been assumed that in the very short period 
employed this would be minimal. 


At the conclusion of the desalting procedure (current 30-60 ma at 110-260 v) the supply of mercury into the 
cylinder containing the solution {s cut by means of the tap D, The continuing suction of mercury by the water stream 
causes the mercury level in the cylinder to drop below the level of the membrane, which automatically stops the 
process and prevents any back-diffusion of sulfuric acid and anions from the anode compartment. 


The rubber tube, through which the sulfuric acid was supplied, is then removed, which causes the acid to 
drain from the anode compartment; the water is then turned off. The mercury is then drained from the cylinder 
A through tap C into a receptacle, the tap {s closed completely (it is advisable to use a tap with small openings, 
which would allow to close it in all directions), the receptacle changed, and finally the desalted solution is drained 
from the apparatus without loss. 


The inclusion of tap D into the system of tubes carrying the mercury has another advantage in that any tap 
water drops, captured by the mercury, are not carried by it into the desalted solution, as is the case with the Consden 
apparatus, but accumulate near the constriction of the tap. By the same token any drops of the solution itself, 
that are carried down with the mercury, return to the cylinder A after reaching tapC. 


SUMMARY 


The construction of a desalting apparatus for use with amino acid solutions intended for chromatography has 
been described; the apparatus has a number of advantages over that described by Consden et al, [3]. 


Desa lting time in the apparatus described is reduced from several hrs to 5-7 min. Small quantities of solu- 
tions (1-3 ml, as compared with 30-50 ml) can be desalted with no subsequent losses in collection, 


A higher degree of desalting is achieved in the present apparatus as a result of higher initial concentration 
of the solution, the prevention of back diffusion of ions and the exclusion of tap water from the relevant part of 
the apparatus, 
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EXTRACTABLE NITROGENOUS SUBSTANCES IN MUSCLE IN THE 
COURSE OF ONTOGENESIS 


L. Vul'fson 
Department of Animal Biochemistry, Faculty of Biology and Soil Science, 


The M, V. Lomonosov State University, Moscow 


Considerable changes in metabolism and composition of muscle tissue are observed in the course of onto- 
genesis; there is accumulation of muscle proteins — myosin and actin [1, 2], changes in carbohydrate~phosphorus, 
oxidative and nitrogen metabolism [3-6], consistent changes in the content of water and extractable nitrogenous 
substances [7-9]. Changes in any components are closely connected with formation of muscle tissue in the process 
of development, as well as with its functional properties characteristic for the given animal species. 


In previous investigations carried out in this laboratory [3, 4, 7, 8] it was found that accumulation of car- 
nosine and then of anserine in muscle in the course of development of various animals coincided in time with 
accumulation of muscle proteins — myosin and actin — and emergence of muscle function, Our investigations 
have continued along these lines and the present work is concerned with the discovery of qualitative and quanti- 
tative features of changes in free amino acids and dipeptides — carnosine and anserine — in the pectoral and leg 
muscles of water fowl in connection with the functional aspects of these muscles, 


METHODS 


The pectoral and leg muscles of domestic ducks were studied at various stages of embryonic and postnatal 
life. 


Development of duck embryos occurs over a period of approximately 30 days. During this period the muscle 
tissue was taken from the embryos on the 15th, 16th, 20th, 25th and 28th day of development, After hatching, 
the tissue was taken from 5-, 10-, 15-, 25-, 50- and 55-day-old ducklings and from adult ducks, The pectoral 
and leg muscles were studied separately; muscles taken from 10-20 fetuses or 5-10 ducklings were treated simul- 
taneously. In experiments on 50-55-day-old ducklings and on adult ducks muscles from one animal were used. 


Following decapitation of the animal the muscles were dissected out, freed from connective tissue and tri- 
turated carefully with 5% solution of trichloroacetic acid (TCA), The homogenate obtained was centrifuged and 
the deposit washed 7-8 times with 2.5% TCA solution; all the supernatant liquid was then evaporated down to 
small volume, after which the trichloroacetic acid was removed by extraction with ether,and salts,by precipitating 
them with acidified alcohol [10]. Solutions used for determination of the amino acids were prepared with 10% 
isopropyl alcohol and corresponded to a tissue content of 2.5 g per 1 ml. For the determination of carnosine and 
anserine these substances were precipitated from the TCA filtrate by Hopkins' reagent and alcohol and after appro- 
priate treatment,solutions also corresponding to tissue content of 2.5 g per 1 ml were prepared. 


Amino acid separation was effected by descending chromatography in butanol—acetic mixture (butanol, 
acetic acid, water 4 :1:1o0r5:1:1), Carnosine and anserine were determined by separation in an ascending 
chromatogram in water-saturated phenol in an atmosphere of hydrochloric acid. The paper for chromatography 
(Leningrad Paper Mill) was preliminarily washed with a solution of hydroxyquinoline and the edge of the paper 
to which the test solutions were applied was cut out in peaks to ensure better separation of the amino acids; the 
solvent was applied three-four times (each time with drying). In quantitative determinations of the amino acids 
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the chromatogram spots were developed by 0.35% solution of ninhydrin {n acetone; the color was allowed to 
develop while the chromatogram was left in the dark for 12-15 hrs at room temperature, For qualitative analysts 
of the amino acids the chromatograms were developed by 0.2% solution of ninhydrin at 80° during 10 min. Carno- 
sine and histidine spots were developed by diazo reagent. 


Quantitative determination of the amino acids was carried out by the photometric method [11, 12]. Chro- 
matogram negatives were subjected to photometry. 12-15 hrs after ninhydrin treatment the chromatograms were 
photographed on cinefilm "Mikrat® in transmitted light with a constant light source, Photometry was carried out 
with the help of a recording microphotometer ( MF~=4 ) in such a way that the spot of the amino acid being esti- 
mated fitted completely into the microphotometer slit, The spots were usually measured for width, the length 
not exceeding the length of the microphotometer slit (2 cm), The width of the slit (from 0.01 to 4 mm) was ad- 
justed according to the background chromatogram which was determined in the spaces between the spots, It is 
very important that the background of the strip of chromatogram where the spots of the amino acid being estima- 
ted are situated should be everywhere the same. Movement of the film with chromatogram negatives is connected 
with movement of the recording photoplate on which a curve is traced for each spot which passes through the 
microphotometer slit. The area enclosed by the curve depends on the area of the spot occupied by the given 
amino acid and on the intensity of coloration of the spot. The accuracy of the method was checked by obtain- 


ing curves from chromatograms to which solutions of dipeptides or amino acids of known concentration were ap- 
plied. 


TABLE 1 


Photometric Determination of the Amount of Carnosine and Histidine in 
Standard Solutions 


Carnosine Histidine 


No. of japplied |Found in|  |No. of found 
sample error |sample | in ug 


Figure 1 shows photographs of chromatograms and corresponding curves obtained photometrically. Solutions 
of carnosine and histidine of known concentration were applied to the chromatograms, the carnosine spots being 
developed by diazo reagent and spots of histidine by ninhydrin solution. The amount of amino acids and dipep- 
tides was calculated from the area determined with the help of a planimeter or by weighing and subsequent cal- 
culation. Error did not exceed +5% (Table 1), 


Quantitative determination of the substances mentioned in the solutions being investigated was carried out 
by means of parallel application to the same chromatogram of a definite amount of solution consisting of a mix- 
ture of amino acids which separate well under the given conditions. We have made quantitative determinations 


of dipeptides,carnosine and anserine,and certain free amino acids: a- and 8 -alanine, glutamic acid, glycine, 
aspartic acid, histidine as well as glutamine. 


EXPERIMENTAL RESULTS 


Analysts of protein-free filtrate of leg and pectoral muscles by chromatography revealed spots corresponding 

to the following substances; cysteine, histidine, glutamine, aspartic acid, glycine, glutamic acid, a-alanine, 

6 -alanine, proline, tyrosine, methionine, phenylalanine, leucine. This collection of amino compounds persists 
throughout the whole ontogenetic development of ducks. As far as carnosine and anserine are concerned, duck 
muscles revealed the same consistent properties with respect to them as muscle tissues of other animalsas found 
previously. Carnosine appears in leg muscles on the 20th day, in the pectoral ones on the 23rd day of embryonic 
development, whereas anserine appears at later stages; between the 5th and 7th postnatal day in the leg muscles 
and between the 10th and 15th day in the pectoral ones, The dipeptide content gradually rises reaching a maxi- 
mum at a certain age. Converse changes are noted in the content of free amino acids which decrease {n amount 
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Fig. 1. Photometric determination of standard solutions of carnosine (1) 
and histidine (II). For legend see Table 1. 


Fig. 2. Photometric determination of carnosine (I) and anserine (II) in leg muscles of ducks dur- 


ing different periods of their development. I; 1) standard solution of carnosine(8 yg); 2) extract 
of muscles of 55-day-old ducks, corresponding to 4 mg dry tissue; 3, 4, 5) extracts of muscles of 
50-, 25- and 15-day-old ducks, corresponding to 2 mg dry tissue; 6) extract of muscles of 28- 
day-old embryos, corresponding to 4 mg dry tissue. II; 1) standard solution of anserine (19 yg); 


2, 3, 4, 5) extracts of muscles of 55-, 50-, 25- and 15-day-old ducks, corresponding to 15 mg dry 
tissue, 


Fig. 3. Photometric determination of carno- 
sine (I) and anserine (II) in pectoral muscles 
of ducks during different periods of their de- 
velopment. I: 1) standard solution of carno- 
sine (4.5 g); 2, 3,4, 5) extracts of muscles 
of 55-, 50-, 25- and 15-day-old ducks, corre- 
sponding to 5 mg dry tissue. II: 1) standard 
solution of anserine (23 4g); 2, 3, 4) extracts 
of muscles of 55-, 50- and 25-day-old ducks, 
corresponding to 15 mg dry tissue. 
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as development progresses, Since development of the organism is accompanied by very marked changes in the 
water content of muscle tissue, determinations of the dry residue of muscles were carried out in all cases and the 
results obtained calculated with respect to dry and wet tissue weight. 


Figures 2 and 3 show chromatograms and microphotometrically recorded curves corresponding to them. The 
amounts of carnosine and anserine were calculated on the basis of the curves obtained. No carnosine was found in 


the muscles of 15-16-day embryos; traces were found in the leg muscles by the 20th day with subsequent gradual 
increase in its amount, 


TABLE 2 


Content of Carnosine and Anserine (in mg%) in the Leg and Pectoral Muscles of Ducks at 
Various Stages of Ontogenesis 


Leg muscles Pectoral muscles 


anserine carnosine anserine 
ased |based | based |based 
nwet 


wt. wt. | we, wt, 


Adult ducks 


* According to M. I, Safronova's data, 


Table 2 shows that the increase in carnosine content of pectoral and leg muscles is not equal, In leg muscles 
carnosine appears earlier and the rate of its increase is considerably higher. Anserine, which appears in the mus- 
cles after hatching, accumulates gradually and increases sharply in the muscles of adult ducks when the carno- 
sine content shows a sharp drop. Traces of carnosine are found in 23-day embryos after which its content rises 
extremely slowly. Anserine appears in pectoral muscles some days later than in leg muscles, but the rise in its 
content is much more rapid than in the case of carnosine, Its amount increases sharply in the muscles of adult 
ducks but no fall in carnosine content of pectoral muscles is observed in association with this. The amount of an- 
serine in adult ducks is considerably greater than of carnosine, both in the leg and the pectoral muscles (Fig. 4). 


Determinations of the amino acids constituting the dipeptides were also carried out, viz,histidine and 6 - 
alanine, as well as of some other amino acids which enter into the composition of extractable nitrogenous sub- 
stances of muscle tissue, It was found that the histidine content of leg and pectoral muscles was low and remained 
at practically the same level both in the embryonic and postnatal periods of development. These data for leg 
muscles are presented in Table 3, The 6 -alanine content of muscles (Tables 3 and 5) decreases in the process of 
development of ducks but not proportionately to the increase in carnosine, It may be that 6 -alanine, which fs a 
precursor of carnosine, participates not only in the synthesis of carnosine but also in some other processes, 


Table 3 shows average data on the amino acid content of leg muscles, On the 20th day of embronic develop- 
ment the amino acid content is high, especially in the case of a-alanine, glutamic acid and also of glutamine 
(Fig. 4). By the time of hatching the content of the compounds mentioned decreases sharply and there is a sharp 
increase in the dry residue of muscle tissue, On further formation of muscles, when protein synthesis evidently 
occurs less intensively, the amino acid content increases somewhat, the first to increase being a-alanine, glutamic 
acid, aspartic acid (5day-old ducklings), then 8 -alanine and glycine (15-day-old ducklings), The content of 


all amino acids again drops in the muscles of 50-day ducklings, The glutamine content remains practically at the 
same level 10 days after hatching. 


The development of the pectoral muscles is slow compared with the limb muscles, This is reflected both 
in the growth of muscle bulk (Table 4) and in the content of dipeptides and amino acids. 


Age of animals Os bz 
ay 8 © Olbased based |be 
3] on on on 
| 
28 -day 
embryos 20:3] 4454.23 — — — 
10-day-old ducklings 20.6} — 400 | 20.6; — 
15 20.4| 235] 48.9] 300] 614.2] 16.3 20 3.2 | 126 20.5 
25 24.91 335 1 73.3] 380 85.4] 18.4 30 5.0 | 220 40.4 
21.1] 340 | 741.7] 320] 67.6) 18.1 | 140 | 25.3] 420 | 76.0 
22.3} 336] 74.9] 390] 86.9] 24.4 | 100 | 21.1 | 677 | 142.8 
ae 20.0 70 17.51 6421 160.5) — -- 230* 
a 
4 
ou 
a 


syonp 


2 0°9 62 L°@t 619 0°63 16 €¥ 6°02 s8ul]yonp plo-Aep-c 


JO 


auto 
I 1D | 


jo (IT) 19M pue (J) AIp 01 190dsaz MIA 
syonq uy jo seBeig snolie, Ul OUTUTY jo 


€ 


(6 ‘oulsoureo (g (9g (¢ (p ‘plore (¢ ‘ouqu 


potsed potiod potiod polled 


| 


| 
| 
! 
! 
! 


sajosnur 099 


284 


5 
> 
| ~ 
| 
Y 
ls 
< 
| 
2) 
} 

( 
=." vas 


TABLE 4 


Changes in the Weight of Pectoral and Leg Muscles 
(in g) During Ontogenests in Ducks 


1 


5-day embryos 

20 * 

25 

28 

5eday-old duckling 
10 


The data on changes in amino acid content of pec- 
toral muscles presented in Table 5 show that during the 
period of embryonic development (20-day embryos) the 
pectoral muscles as well as the leg muscles contain 
large amounts of 6 -alanine, glutamic acid, aspartic 
acid and of glutamine (glutamine was not determined 
quantitatively). Toward the end of embryonic develop- 
ment (muscles of 28-day embryos) the amount of amino 
acids calculated on dry weight of tissue shows a marked 
decrease, However, the difference is not as great as 
that observed in the limb muscles (Fig. 4) and the in- 
crease in dry weight of muscles is also less marked. 


It must be noted that the pectoral muscles show con- 
sistent lowering of amino acid content not only during 


TABLE 5 


Amino Acid and Glutamine Content of the Pectoral Muscles at Various Periods of Development 
of Ducks 


In mg % of dry (I) and wet (II) weight of muscle 


Glutamic 


Glutamine 
acid 


Aspartic 
Age of animals , 


20-day embryos 

25 

28 " 
5-day-old ducks 

10 


ono 


| 
oon 
| | 


embryonic development but also during the postnatal period. The difference in the development of the pectoral 


and the leg muscles can evidently be explained by their functional properties connected with the mode of living 
of domestic ducks. 


SUMMARY 


Duck muscles show the same consistent properties as muscles of other animals. Carnosine appears by the 
20th-23rd day of embryonic development; anserine is found in the muscles on the 5th-10th day after hatching, 
The amount of anserine exceeds markedly the amount of carnosine and all the amino acids studied, amounting 
to 160 mg% in the leg muscles of adult ducks and 230 mg% in the pectoral muscles (calculated on wet weight of 
tissue), During embronic development and the postnatal period there is a decrease of 8 -alanine, a-alanine, gluta- 
mine, glutamic acid, aspartic acid and glycine in both the pectoral and the leg muscles, In the latter these changes 
are extremely pronounced toward the end of the embryonic period of development. Uniform diminution in the 
amount of the amino acids mentioned takes place in the pectoral muscles throughout the period of development 
in ducks. Accumulation of carnosine and anserine and the changes in amino acid content which have been de- 
scribed coincide in time with various stages of muscle formation. 


The author wishes to express profound gratitude to Professor S. E. Severin for guidance in this work. 


‘2 
No. of | Wt. of |Wt. of 
Age of animals | animals |Pectoral | leg 
25 6.47 6.84 
17 4.10 5.16 
10 2.60 4.69 
10 2.40 4.05 
10 3.60 12.96 
5 2.86 13.03 
a 3 1.74 | 14.97 a 
= 8.2| 354 — | — | 360 | 29.5 | 300- = 
12.6| 204 — | — | 345 | 39.6 | 233 
13.7) — 
ih 16.5] — 
2 18.4| 53 
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ENZYMATIC SYNTHESIS OF RIBOPOLYNUCLEOTIDES 


M. V. Griunberg-Manago 


Department of Biochemistry, Institute of Physicochemical Biology, Paris 


Living matter {s characterized by the high degree of specificity of its polymers — proteins and nucleic acids. 
The question concerning the nature of the mechanisms underlying the linking of monomeric elements in the for- 
mation of proteins and nucleic acids is therefore of great biological importance. It is hoped that discovery of the 
interrelations of protein synthesis and synthesis of nucleic acids will lead to understanding of the manner in which 
occurs the combination of monomers in their specific sequence.* 


The hypothesis according to which nucleic acids, and ribonucleic acids (RNA) in particular, participate in 
protein synthesis has found considerable support in recent years [1-4]. A very recent and especially important dis- 
covery has shown the leading role of ribonucleic acid in protein synthesis. Fraenkel-Conrat and Williams [5] and 
Gierer and Schramm [6] succeeded in isolating ribonucleic acid from the virus of tobacco mosaic, the acid show- 
ing infective properties, This ribonucleic acid not only reproduces itself in the host cell but also elicits synthesis 
of a specific protein pertaining to the corresponding strain of the virus. Consequently, ribonucleic acid is a 
genetic determinant of the virus particle. Elucidation of the structure of this nucleic acid 1s of direct interest, It 
{s hoped that in not too far distant future it will be possible to synthesize in vitro a ribopolynucleotide capable of 
reproduction within the host cell and of synthesizing specific protein, This would mark a significant advance. 
However, the nucleic acid itself is synthesized by enzymes which are proteins amd, moreover, participation of pro- 
tein in this process may also be nonenzymatic, as will be demonstrated in the present communication, It {s there- 
fore difficult to delimit these two types of synthesis, viz. of nucleic acids and of proteins, Under certain conditions 
(altering pH, concentration of salts, introducing mixtures of certain polymers [3, 7, 8]) it is, of course, possible to 
obtain spontaneous polymerization of ribopolynucleotides, but this process involves preexisting polymer units. It 


is therefore difficult to decide which of the two syntheses — synthesis of proteins or of nucleic acids — preceded the 
other in the course of evolution, 


Until recently our knowledge concerning the mechanism of synthesis of the polynucleotide chains of ribo- 
and desoxyribonucleic (DNA) acids was very incomplete. One of the reasons for this was the fact that the majority 
of data was obtained in experiments in vivo. Quite recently two enzymes have been obtained from bacteria, one 
of which, isolated by Ochoa and us [10] catalyzes ribopolynucleotide synthesis from nucleoside-5'-diphosphates 
and the other, isolated by Kornberg and collaborators [11], catalyzes desoxypolynucleotide synthesis from desoxy- 
5'-triphosphates. In the present communcation we shall limit ourselves to statement of the mechanism of ribo- 
polynucleotide synthesis and dwell in greater detail on the results of our latest investigations. The data obtained 
by us stress the significance of ribopolynucleotide configuration in their biologic role and deal with {isolation of a 


new enzyme system from yeast, which also catalyzes synthesis of polynucleotides but differs from analogous en- 
zymes obtained from bacteria. 


* Abbreviations; 5'-diphosphates (pyrophosphates) of adenosine, inosine, guanosine, uridine,cytidine — ADP, IDP, 
GDP, UDP, CDP; 5-monophosphates of the same nucleosides; AMP, IMP, GMP, UMP, CMP. Corresponding 3'- 
monophosphates; 3'-AMP, etc.; 5'=-triphosphates of the same nucleosides; ATP, ITP, GTP, UTP, CTP, Tris— 
tri (hydroxymethyl) aminomethane; EDTA — ethylenediaminetetraacetic acid; orthophosphate. 
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TABLE 1 


Stoichiometry and Reversibility of the Reaction Cata- hein 8 -aeleentie phosphates with liberation of phos- 
lyzed by Polynucleotide Phosphorylase 


phorus. The reaction is reversible, the reverse course 
being associated with phosphorolytic splitting of ribo- 
polynucleotides with formation of nucleoside-5'-diphos- 
phates, The reaction is thus analogous to reversible 
synthesis of polysaccharides under the influence of “phos- 
phorylase," and for this reason the new enzyme was 
named “polynucleotide phosphorylase." It catalyzes 
the reaction: 


n(xRP— P) = 


8.101 8.12 where R denotes ribose, P— P pyrophosphate, P inorganic 
6.74) 6,75 phosphate and x one or several of the following bases; 
1.27|\—1 .36|—1.37 adenine, hypoxanthine, guanine, uracil or cytosine. 


Table 1 illustrates the stoichiometry of the reac- 


t both directions in th f IDP. 
Note. Experiment 1 — synthesis reaction; 2— phosphor- 


olysis reaction after removal of excess IDP in experi- In experiment 1 purified polynucleotide phosphory- 
ment 1; 3— phosphorolysis reaction with isolated poly- __lase was incubated with IDP; the amounts of P}; and 
nucleotide, polynucleotide formed and IDP which disappeared as 


determined by inorganic P split off by the specific en- 
zyme inosine diphosphatase[12] were approximately the same. In experiment 2 an aliquot portion of the super- 
natant liquid was again incubated with polynucleotide phosphorylase after inactivation of inosine diphosphatase. 
The amounts of inorganic P and polynucleotides which disappeared and of IDP formed were stoichiometric. In 
experiment 3 dialyzed solution of the polymer formed in experiment 1 was incubated with polynucleotide phos- 
phorylase in the presence of inorganic P. In this case too the amounts of polynucleotides, used up inorganic P and 
IDP formed were equivalent, The reaction required the presence of Mg but evidently needed no other co-factor. 


In the presence of Mg polynucleotide phosphorylase takes up radioactive phosphate into the end groups of 
nucleoside-5'-diphosphates which, at least partially, results from the reversibility of the reaction, Polynucleotide 


consisting exclusively from nucleotide-5'-monophosphates never becomes labeled in the presence of radioactive 
phosphate. 


Phosphate uptake or renewal have been used as a test for control of enzyme {fsolation and purification. 


Quite recently enzyme preparations of approximately 75% purity have been obtained in Ochoa's laboratory 


[13]. 


Incubation of the enzyme with appropriate nucleoside diphosphates resulted in simple polymers which con- 
tained as the single nucleotide unit AMP, IMP, CMP or UMP [10]. Such polymers are designated as A, I, C, U 
polymers, respectively. If high temperatures and high acidity are avoided in the process of polymer isolation they 
can be obtained with high molecular weights. Molecular weights of 570,000 and 800,000 were found by means of 
light-dispersion method for the A and I polymers, respectively. 


Mixed polymers were obtained by incubating mixtures of nucleoside diphosphates with polynucleotide phos- 
phorylase; these polymers contained several different nucleotide components. Many of these polymers were ob- 
tained from mixtures of adenosine and uridine diphosphates taken in different proportions; these are A-U polymers 
[14]. We shall return to this later on. In the mixture of nucleoside-5'-diphosphates of adenosine, guanosine, uridine 
and cytidine the enzyme catalyzes the synthesis of polynucleotides containing four nucleotides which are found in 
naturally occurring RNA [10]. Two A-G-U-C polymers were obtained in this way, one of them from a mixture of 
ATP, GDP, UDP and CDP in ratios of 1: 0.5:1:1, respectively [10], and the second from mixtures containing these 
four diphosphates in equivalent proportions [15]. 
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The polymer containing guanylic acid, polymer G, could only be synthesized in minute quantities. Ochoa 
[15] also obtained traces only of polynucleotides containing AMP and GMP (polymer A-G) and GMP and UMP 
(polymer G-U). In these cases liberation of small quantities of phosphate takes place, but only traces of nondia- 
lyzed substances are formed, We donot as yet know the reason for failure to obtain polymers containing guanine 
as the only base or even of polymers made up of two components one of which is guanine, Nevertheless, when 
all four nucleoside diphosphates are present, guanylic acid is included in the polymer and even in larger propor- 
tion, relatively, than the other nucleoside monophosphates, Littauer and Kornberg [16] observed this peculiarity 
of guanylic acid in connection with polynucleotide phosphorylase obtained from E. coli. 


Chemical and enzymatic decomposition of biosynthetic polynucleotides shows that they are formed from 
5'-mononucleotide units which are linked with each other by 3'~phosphoribose bonds as in nucleic acids [10]. 
The chain terminates in a phosphate group linked with the fifth carbon of the nucleoside [17]; RNA from Azoto- 
bacter shows similar structure [18]. Products formed during hydrolysis of biosynthetic polymers with alkali-specific 
phosphodiesterases (from snake venom or from spleen) or with pancreatic ribonuclease correspond to the known 
action of these agents on RNA. In particular, profound hydrolysis with ribonuclease gives the same amount of non- 
dialyzed, “unassailable residues, the so-called “nucleus” of RNA [10] both in the case of the A-G-U-C polymer 
and that of RNA, 


It has been shown that in mixed polymers the separate nucleotides are joined by 5,3-phosphoribose linkages 
[10]. Data available at present on the subject of the structure, molecular weight, x-ray diffraction and suscepti- 
bility to various enzymes reveal that biosynthetic polymers are very close to RNA. 


Rich [9] carried out comparative studies of roentgenograms of filaments obtained from polymers A, U, A-U 
and A-G-U-C and filaments of RNA. The presence of two purine and pyrimidine bases is evidently not sufficient 
for obtaining a spectrum similar to that of naturally occurring RNA. The molecular weights of biosynthetic poly- 
mers vary between 30,000 and 1,000,000, These values are of the same order as the molecular weights of various 
ribonucleic acids. Moreover, Warner [19] obtained the same sedimentation constant for the polymer A-G-U-G as 
that known for RNA fsolated from Azotobacter cells, 


The discovery made by Hart and Smith [20] that biosynthetic polymers, like ribonucleic acids, react with 
the protein of the tobacco mosaic virus giving particles similar to the virus but deprived of contagiousness is yet 
another indication of similarity of the macromolecular structure of biosynthetic polynucleotides and ribonucleic 
acids. It is evidently essential for the combination between RNA and protein to occur that the structures be com- 
plementary to each other, 


Okamoto [21] and Bernheimer [22] showed that formation of streptolysin S by Streptococcus hemolyticus cul- 
tures was stimulated by that fraction of various ribonucleic acids which was resistant to the action of ribonuclease, 


Egami [23] has found recently that one of such fractions of the A-G-U-C polymer is 3 times more active 
than a similar fraction obtained from yeast RNA. 


These investigations show therefore that the A-G-U-C polymer, i. e., polymer containing four residues: 
adenylic, guanylic, uridylic and cytidylic, is, evidently, indistinguishable from naturally occurring RNA, It is at 
present still unclear whether the reaction catalyzed by polynucleotide phosphorylase represents the manner of the 
biologic synthesis of RNA, but his possibility seems probable, at least with respect to bacteria, in which this en- 
zyme is widespread. It was obtained in the purified state from A. faecalis [24], E. coli [16] and M. lysodeikticus 
[25], and its presence has been proved in S, aureus, Cl. Kluyverii and S, nd §, haemolyticus [ [24]. 


The fundamental question requiring solution is essentially that of specificity of polynucleotide phosphorylase, 
It would appear that each nucleic acid is characterized by its nucleotide composition as well as by the sequence 
of nucleotides, which is generally accepted to be the determining factor with respect to its specificity. What are 
the factors which determine the composition of the biosynthetic polymers ? We undertook [14] a systematic in- 
vestigation of the effect of concentration of the nucleotides on the composition of the polymers. Mixtures of adeno- 
sine and uridine diphosphates taken in different proportions gave various A-U polymers. Each nucleotide was used 
in amounts smaller than that required for enzyme saturation, as presumably {fs the case in the living cell. 


Polynucleotides were obtained in the usual way. A mixture containing 100 y moles Tris per ml, pH 8.1, 
10 p moles MgCl, and 1.8 units polynucleotide phosphorylase with AS-14.8 was incubated from 23 to 36 hrs at 30° 
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At the end of incubation the liquid was cooled to 0° and precipitated with 2 volumes of 96% alcohol in the 
cold. The mixture was left for 1 hr at 0° and then centrifuged at 15,000 rpm for 10 min, The precipitate was 
dissolved in distilled water and precipitated with alcohol as before. The precipitate obtained was dissolved in 
water and subjected to dialysis against distilled water at a temperature of about 4° for 48 hrs, with stirring. The 
nucleotide composition of the polymers was determined in the following way: the polynucleotide was hydrolyzed 
in 0.4 N KOH during 48 hrs at 37° and the hydrolyzate was then chromatographed by the Krebs and Hems method 
[26]. The nucleotide spots were eluted with 5 ml 0.01 N HCl over a period of 48 hrs at room temperature; values 
corresponding to blank tests (clean paper) were subtracted from the values obtained, 


A correction was made for impurities present in the samples of nucleoside diphosphates employed. ADP con- 
tained 2% ATP and AMP, and UDP contained 5% UMP. 


for 3'-AMP = 13.9 at acid pH; for 3'°-UMP = 9.9 at acid pH. 


It can be seen from Table 2 that the nucleotide composition of the polymers is in direct relation to the ini- 
tial relative concentrations of the nucleoside diphosphates from which these polymers are formed. In the case of 
polymers A-U, synthesized from equimolar mixtures of adenosine and uridin diphosphates, or from a mixture con- 


TABLE 2 


Effect of Nucleoside Diphosphate Concentration on the Composition of Polynucleotides 
Biosynthesized from Them 

Incubation mixture contains in 1 ml: 100 moles Tris, pH 8.1; 10 pmoles MgCl,, 
1.8 units polynucleotide phosphorylase with AS = 14,8, Incubation from 23 to 36 hrs 
at 30° 


Nucleosides per 1 ml incuba-| Nucleosides eluted after alkaline hydrolysis 
tion mixture in moles 


_tic ___of A-U polymer in moles 


| | ADP moles hydro- | AMP 

ADP ; UDP UpP lyzed A-U _ AMP | UMP UMP 
| | polymer | 
1:3 | | 


4 


taining ATP and UTP in the ratio 1; 3; the ratio of adenylic acid to uridylic acid was practically the same as the 
ratio of the nucleoside diphosphates in the initial mixture, It must be noted that the ratio of the nucleotides de- 
viates somewhat in cases in which the mixture contains 3 times as much UDP as ADP, This difference is observed 
systematically; for unexplained reasons the polymer contains not 3 times but 4 times as much uridylic acid as 
adenylic acid, But even in this case the ratio of uridylic acid and adenylic acid in the polynucleotide is close to 
the relative concentrations of the nucleoside diphosphates used in its synthesis, 


We thus have a method of synthetic preparation of polynucleotides of given composition; all that is required 
is that a definite ratio of the nucleoside diphosphates be maintained, It is, moreover, possible to make an impor- 
tant deduction that if polynucleotide phosphorylase is an enzyme responsible for the synthesis of RNA in vivo, then 
the composition of the latter is in direct relationship with the concentration of nucleosides at the site of synthesis. 


The A-G-U-C polymer obtained by Smellie and Ochoa [27] from an equimolar mixture of four diphosphates 
resembles RNA of Azotobacter vinelandii in composition, It should be noted that in this case also the ratio of the 
nucleotides in the biosynthetic polymer was not exactly equimolar but close to the ratio of nucleotides in RNA of 
Azotobacter and bacteria generally, although the initial mixture contained equimolar amounts of the nucleoside 
diphosphates. Actually, the nucleotide composition of ribonucleic acids does not change noticeably from one 
species of bacteria to another as is the case with respect to DNA (Belozerskii [28]). Consequently, it may be 
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assumed that in the majority of bacteria the nucleoside 
diphosphates are present {n equimolar ratios at the site 
of RNA synthesis, 


Although it can be understood how polynucleotide 
phosphorylase achieves the synthesis of ribonucleic acids 
of different composition, the nature of the factors re- 
sponsible for the sequence of nucleotides in RNA remains 
undisclosed. Comparison of the sequence of nucleotides 
in the A-G-U-C polymer and in RNA of Azotobacter 
“a would be extremely interesting. Systematic study of 
the sequence of nucleotides in mixed polymers may 
make it possible to determine to what extent it depends 
on fortuitous causes and assist in elucidation of this question. 
But it is difficult to visualize a priori specific enzyme ac- 
tion without participation of a specific "primer." 


Mmolesincorporated PO, 


Yeast RNA 


60 
Time in min 


Fig. 1. Phosphorolysis of polynucleotides containing 
various proportions of adenylic and uridylic acids, 


Imp/min 
Klan Another extremely important problem remains 
to be solved — the problem of enzyme specificity. Al- 
though we do not as yet possess exact data on the equi- 
A+U (#1) librium constant of the reaction, it is known [10] that 
under our experimental conditions the reaction of poly- 
nucleotide synthesis attains equilibrium when the ratio 
Aa+U 49 of concentrations of the P formed and mononucleotides 
remaining varies from 1.5 to 2.0. The nature of the 
- _____ reaction, as should be expected, favors to some extent 
60 IO 120 
Time in min the synthesis of polynucleotides since the pyrophosphate 
bond of the nucleoside diphosphates becomes a phospho- 
Fig. 2. Phosphorolysis of various mixtures of poly- diester bond, But since the reaction is readily reversi- 
adenylic and polyuridylic acids: in 1 ml incubation ble, there should not be much difference between the 
mixture; 50u moles Tris, pH 7.45; 7 moles MgCly; energy of the polynucleotide phosphate bond and that 
8 moles phosphate buffer pH 7.4 containing p*? (from of nucleoside diphosphates. Consequently, the phos- 
265x 10° to 540 x 10° imp/min in different experi- phate bond of nucleic acids can be included among 
ments) and from 0.062 to 0.124 mg polynucleotide high-energy bonds. This would mean that, in princi- 
phosphorylase of Azotobacter with activity 14.8 units, ple, RNA would be easily phosphorolyzed in the presence 
1.2 p moles polynucleotide. of mineral phosphate. Living cells contain large quan- 
tities of mineral phosphate which should be sufficient 
for inhibition of RNA synthesis; moreover, the physiological quantities of nucleotide diphosphates in the cell are 
considerably lower than the level which ensures maximal rate of synthesis, 


We noted that while simple polymers underwent phosphorolysis easily, as could have been expected, mixed 
polymers of RNA underwent phosphorolysis much more slowly [10]. 


Figure 1 shows the rate of phosphorolysis of various mixed A-U polymers, simple polymers and yeast RNA 


Mixed A-U polymers undergo phosphorolysis approximately at one-third the rate of simple polymers. Yeast 
RNA, like the A-G-U-C polymer, is attacked very feebly, Ribonucleic acids of Azotobacter, E. coli, S. pyogenes 
and liver undergo phosphorolysis with formation of four nucleotide diphosphates, but at approximately the same 
rate as yeast RNA, i. e., very slowly. 


There are, however, two ribonucleic acids which undergo phosphorolysis more quickly (their phosphorolysis 
proceeds at about half the rate of simple polymers); these are the RNA of tobacco mosaic (Ochoa [29]) and yellow 
virus of turnip (Heppel and Smith [30]). We thought at first that this was explained by the degree of polymeriza- 
tion of the RNA samples, Actually the RNA “nucleus” does not undergo phosphorolysis [10], and Singer [31] has 
shown that phosphorolysis of partially depolymerized polymers proceeds at a slower rate than of polymerized poly- 
nucleotides, but provided they do not terminate with the 3'-PO, radical. This explanation does not, however, 
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appear to be satisfactory. The high-polymer yeast RNA obtained by us fromDoctors Pirie and Pierpoint also 
undergoes phosphorolysis very slowly, We know now, thanks to the work of Warner [8] and Rich [9], that two 
polymers complementary in structure, each containing only one mononucleotide unit, such as for example, poly- 
mers A and U, can combine in aqueous solution with the formation of stable complexes. Warner was the first to 
show that on mixing two such components a shift in optical density occurred in the region of maximal ultraviolet 
absorption, There was also an increase in viscosity of the mixture. The following observations also suggested 
the formation of complexes; electrophoresis of a mixture of two simple polymers A and U gives one peak with 
mobility intermediate between the mobilities of these two simple polymers, and on centrifuging in an ultracen- 
trifuge only one fraction is obtained whose sedimentation constant exceeds the sedimentation constants of poly- 
mers A and U taken separately, 


Rich and Davy showed that filaments obtained from a mixture of polymers A and U gave welForientated 
roentgenogramis similar to those of DNA. The authors explain these results as follows; polymers A and U, having 
an irregular configuration separately, form in vitro a double helix which in many respects resembles the double 
helix suggested for the structure of DNA. On the basis of their observations, the authors conclude that adenine and 
uracil residues may be linked by hydrogen bonds as has been postulated for the adenine and thymine residues in 
DNA. The additional hydroxyl group in RNA thus does not hinder the RNA "skeleton" from acquiring the same 
configuration as DNA. These important results suggest that the mechanism of RNA reproduction may be similar 
to that of DNA. Recently Rich [32] showed that the number of mixed complexes formed by polyadenylic and poly- 
uridylic acids depended on the relative concentrations of these two acids, In the presence of Mg and excess of 
polyuridylic acid A and U polymers can form a complex with a triple helix. 


If the rate of phosphorolysis of polynucleotides is determined by their ability to form complexes, then large 


differences should be observed in the rates of phosphorolysis of mixtures containing polymers A and U in different 
proportions, 


Results [14] given in Fig. 2 show that that is,in fact,the case. Whereas the initial rate of phosphorolysts of 
A and U polymers is approximately the same, the rate of phosphorolysis of a mixture of these two polymers depends 
on the proportion of the two polyacids. A mixture of polymers A and U taken in the ratio 3:1 undergoes phos- 
phorolysis at almost the same rate as polymer A; a mixture with the ratio of polyacids A: U = 1:1 fs attacked 
approximately at one-third the rate of polymer A, while a mixture containing 3 times more uridylic acid as com- 
pared to adenylic acid is attacked almost not at all (one-tenth the rate of polymer A), These are precisely the 
conditions under which, according to Rich, a triple helix 1s formed and such a complex does not undergo phos- 
phorolysis. On the contrary, when the mixture contains excess of polymer A the complex is formed in small 


amounts and the rate of phosphorolysis of such a mixture does not differ appreciably from the rate of phosphoro- 
lysis of polymers. 


In order to disclose the inner mechanism of this reaction more fully, we isolated and analyzed [14] diphos- 
phates which appear in the course of phosphorolysis. The results obtained are in agreement with the postulated 
hypothesis. For example, in the case of a mixture of polymers A: U = 1:3 only UDP is liberated on phosphorolysis. 
This corresponds to a structure in the form of a triple helix; only the superficially situated U chain undergoes 
phosphorolysis and as the result only UDP is liberated. 


Mixed polymers and ribonucleic acids, which are attacked feebly must thus form complexes by way of 
hydrogen bonds as in the case of the two polymers A and U, and this protects them from phosphorolysis. 


Consequently, phosphorolysis of ribonucleotides depends not only on the relative concentration of substrates, 
which determines the reaction equilibrium, but also on the structure of the polymers, in particular the structure 
of the complexes formed by the nucleotides by means of hydrogen bonds, These results emphasize the significance 
of RNA configuration in the performance of itsbiologicalrole. Configuration of RNA depends not only on the se~ 
quence of the nucleotides but also on external conditions; temperature, pH, concentration of salts in the medium. 
For example, polymer A may have two configurations depending on pH and salt concentration of the medium 
(Fresco and Doty [17]). Up to now we have had only scanty information on the macromolecular structure of RNA 
as distinct from DNA, It is difficult to obtain oriented samples of RNA which would give good roentgenograms. 
It is to be hoped that polynucleotide phosphorylase, able to catalyze the synthesis of many polymers, naturally 
occurring or otherwise, will help in discovering the structure of RNA. It should be useful also for obtaining data 
on the chemical and biological properties of nucleic acids. 
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Dialysis 


Incubation with ADP Incubation with AT 
I) Dialysis + RNAase hydrolysis; Il) dialysis + alkaline 
hydrolysis. 
Fig. 4. Autoradiogram of incubation mixture; in 5 ml 
final volume: buffer Tris, pH 7.45, 250 uy moles; MgCl» 
100 pmoles; ADP or ATR 39.2 moles; P}y,5.8 moles 
with actively 3200x 103 imp/min, yeast enzyme,0.208 
mg protein with activity AS = 10.2. Incubation at 30° 
with shaking. The reaction is terminated by heating 
for 1 min to 100°. Samples of 0.1 ml were taken for 


Fig. 3. Incorporation of p® into the terminal groups descending chromatogram by the Krebs and Hems me- 
of nucleoside diphosphates under the influence of thod after preliminary removal of mineral phosphate, 
yeast enzyme, After 60 hrs* incubation part of the liquid was dialyzed 


for 48 hrs against distilled water, 0.1 ml of the dialy- 
zate was taken for chromatography. 0.1 ml was hydro- 
lyzed with KOH (final concentration 0.4 M) during 48 
hrs at 37° 0.1 ml was hydrolyzed with 1.7 units of leaf 
ribonuclease (purified preparation of Holden and Pirie 
(34]) + citrate buffer, pH 5.5 (5 moles). The auto- 
radiogram shows the appearance with time of radio- 
active substance which remains at the point of appli- 
cation. Other labeled substances are ATP and ADP; 

on prolonged incubation for incorporation of the iso- 
tope into ATP, traces of myokinase are sufficient. ADP 
and ATP are removed by dialysis while the compound 
present at the point of application remains, It disap- 
pears after alkaline or ribonuclease hydrolysis; the 
amount of the substance is too small to make the pro- 
ducts of hydrolysis of the polynucleotide detectable on 
the chromatogram. If the incubation mixture contains 


Fig. 5. Phase contrast photograph (x 400) of water- ATP instead of ADP no radioactive compounds are 
insoluble filament synthesized by enzyme prepara- formed. The control test corresponds to the UV photo- 
tion from yeast. graph of the part of chromatogram containing the 


control nucleotides. 


Up to the present time the only known mechanism of the synthesis of ribopolynucleotides has been the me- 
chanism with participation of polynucleotide phosphorylase isolated from bacteria only. We posed the question 
whether identical or similar enzymes might not be present in other microorganisms, such as yeasts, Visnevskii 
and the present author [33] isolated an enzyme system from yeast extract which was able to synthesize polynucleo- 
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tides from nucleoside diphosphates, Our investigations are still being developed, but it is already possible to main- 
tain that the mechanism of synthesis and the composition of the polynucleotide formed are different from those 
found in the case of analogous bacterial enzyme. 


Extracts of yeast of the “small colony" strain 59RA catalyze rapid exchange between mineral P® and ter- 
minal phosphate of ADP,the first phosphate never being labeled. With this test as the basis, purification of the 
enzyme was undertaken and its activity was increased 20-fold as the result. We are therefore dealing in this case 
with activity of the same order as the activity of preparations of polynucleotide phosphorylase used in experiments 
described above. 


The enzyme purified from most of the phosphatases and a significant part of myokinase is inactive with 
respect to 5'-nucleoside monophosphates and triphosphates such as AMP, ATP, CTP, UTP, GTP. Ascan be seen from 
Fig. 3, it catalyzes uptake of radioactive orthophosphate into the terminal phosphate groups of all nucleoside di- 
phosphates tested (GDP, UDP, CDP, IDP, ADP). 


In contrast to the position observed with Azotobacter enzyme [10], no noticeable differences are seen in the 


rates of phosphate uptake into the terminal groups of guanosine diphosphate and of other nucleotides when the 
yeast enzyme is used. 


Uptake of phosphate does not, evidently, require any co-factor, This reaction, unlike the reaction catalyzed 
by bacterial enzyme, is inhibited by magnesium by 30-50%, In the absence of metals the enzyme, even when added 
in large quantities, does not liberate phosphate from any of the nucleoside mono-, di- or triphosphates, although 
it promotes very rapid uptake of phosphate by ADP. This makes it unlikely that the uptake of phosphate is the re- 
sult of the reversibility of the reaction catalyzed by polynucleotide phosphorylase, 


On addition of sufficient amounts of Mg (2: 107? M) formation of phosphate from ADP takes place (about 20% 
incorporated P), The enzyme is active to the same extent with respect to other diphosphates, but formation of phos- 
phate always remains small, The enzyme does not split off PO, from ATP or from 3"-AMP; a very little PO, is 
formed from 5'-AMP (always 1/2 - 1/, of that from ADP). 


We cannot at present answer the question whether both activities — incorporation of P into ADP and forma- 
tion of P— depend on one and the same enzyme, But it appears unlikely that formation of phosphate would be the 
result of the action of ordinary phosphatase, since at present no phosphatase is known which would be inactive with 
respect to ATP and able to hydrolyze ADP specifically. 


After prolonged incubation of the purified enzyme in the presence of ADP and P*? a substance is seen to be 
formed which shows UV absorption and remains at the point of application on the chromatogram, It is not dialyzed 
against distilled water and dilute salt solutions, This indicates that the substance is a polynucleotide, The poly- 
nucleotide obtained is radioactive as distinct from the polymer synthesized under similar conditions by bacterial 
enzyme (Fig. 4). The polymer is hydrolyzed by alkali and leaf ribonuclease. 


In the absence of Mg or on replacement of ADP by adenylic acid or ATP no polymer is formed. Control test 
corresponds in UV photographs to that part of the chromatogram which contains control nucleotides, 


Since Mg is required for the formation of the polymer and exchange is, on the contrary, inhibited by this 
ion, the reaction must proceed in two stages at least, Since the yeast enzyme promotes incorporation of phosphate 
only into the terminal groups of ADP, it is evident that adenosine-5'~PO, which enters into the composition of ADP 
is not labeled in the presence of P**, Being radioactive, the polynucleotide synthesized by yeast enzyme cannot 


consist only of AMP, as is the case with respect to the polymer synthesized by bacterial enzyme, but must contain 
excess phosphate, 


As it is formed, the polynucleotide precipitates out of the reaction mixture combining with the enzyme pre- 
paration protein. The enzyme preparation thus contains a protein which is at the same time a reagent and an en- 
zyme. This may explain the small amount of the product synthesized, It is not yet known whether the polymer 
combines with the protein of the enzyme itself or with a protein present in the preparation as an impurity, 


It proved possible in many cases to isolate the "nucleoprotein" formed in the form of filaments insoluble in 
water and possessing double refractive properties [35] (Figs. 5 and 6). Polynucleotide was separated from the nucleo- 
protein by means of denaturation of protein by detergent, as the result of which the main mass of protein became 
insoluble, After this the polynucleotide preparation usually contains no perceptible amounts of protein. 
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Fig. 6. Two photographs in polarization microscope 
of the same filament synthesized by enzyme prepara- 
tion from yeast. 


Fig. 7. Paper electrophoresis, Paper-Whatman No. 3, 
Acetate buffer pH 3.75; 200 v, 4.5 ma; duration 1 hr 
45 min; 1) yeast polymer; 2) polymer A + 3'-AMP 
(polymer A remains at point 0); 3) 5'-AMP + adenine 
(adenine moves towards the cathode); 4) ATP. 


The polynucleotide synthesized by yeast enzyme 
can be distinguished from the polynucleotide synthe- 
sized by bacterial enzyme not only by ps uptake but 
also on the basis of the following factors [35]. 


1. The absorption spectrum for polymer A (poly- 
mer synthesized by Azotobacter enzyme) shows maxi- 
mum absorption at 257 my at pH 7 and at 252 my at 
pH 4, which corresponds to a change in the structure of 
the polymer. Yeast polynucleotide has a maximum 
around 259-260 my at pH 7 and there is no change in 
the maximum when the pH is altered to 4. Moreover, 
the spectrum of this polymer is smoother than that of 
polymer A, 


2. The yeast polymer does not react with polymer 
U synthesized by Azotobacter enzyme. 


3. Whereas polymer A and adenosine derivatives 
react with formaldehyde with resulting change in the 
spectrum, the yeast polymer does not react with formal- 
dehyde or only reacts very feebly; different prepara- 
tions show variation in their ability to undergo this reac- 
tion. This suggests that certain amino groups of the 
polymer are not free. 


4, The yeast polymer differs from polymer A in 
its electrophoretic mobility at pH 7 and pH 3.75. 


Figure 7 shows the results of electrophoresis at 
pH 3.75, At this pH polymer A remains at the point 
of application, since the charges of its molecule are 
neutralized, 5'-AMP, 3'-AMP, ADP and ATP move 
toward the anode at rates which increase in that order. 
The yeast polymer is more mobile than ATP. Conse- 
quently, this polymer contains more negatively charged 
groups than polymer A. This agrees with results obtained 
earlier, viz. that the yeast polymer contains more phos- 
phorus than polymer A. 


Products of hydrolysis of the yeast polymer with 
alkali, acid and yeast ribonuclease do not correspond 
either to 3'-AMP or 5'=AMP or adenine. The structure 
of these products is now being investigated. 


We thus have at present only fragmentary infor- 
mation concerning the enzymatic mechanism and struc- 
ture of the polynucleotide formed by yeast enzyme or 
enzymes. Nevertheless, it is possible to assert that both 
the structure and the enzymatic mechanism of the syn- 
thesis of this polymer differ from the polymer found in 
the process of investigation of polynucleotide phosphory- 
lase. Two facts are particularly interesting. 


1. The polynucleotide formed is protein-bound; 
we therefore, evidently, obtain material suitable for the 
study of the interactions of proteins and ribonucleic 
acids and ribonucleotides. 
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2. The polynucleotide consists not merely of nucleoside monophosphate units but also contains excess phos- 
phate groups. 


In connection with this, it should be recalled that at present a number of studies [36-39] offer support for 
Brachet's hypothesis [40] concerning the possibility that there is a phosphate of nucleic acid. This phosphorylated 
nucleic acid, as the authors mentioned suppose, serves as a phosphorylating agent and, in the course of protein 


synthesis, determines their specificity by exerting an influence on the distribution of amino acids along the poly- 
nucleotide chain. 


It appears more and more likely from recent work [41] that nucleic acid can exist in two forms, one of which 
is active in protein synthesis, It is these active forms of ribopolynucleotides, when they are obtained, that would 
seem to promise help in solving one of the greatest mysteries of life, viz.,the specificity of living matter. 


The author wishes to thank Doctor Pirie and Doctor Plerpoint for making available yeast RNA and leaf ribo- 
nuclease preparations. The author also thanks Mr, Mend from the Electrophoresis Department of the National 
Center of Scientific Research for taking upon himself the electrophoresis of our samples and Professors Monier and 
Lenormand for their help with microscopic investigations, Thanks are due to Mr. Dan Broida (from “Sigma” Com- 
pany) for his kindness in making available certain nucleotide diphosphates; without his help this work could not 


have been achieved. 
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NITROGENOUS BASES ISOLATED FROM DEAMINASE PREPARATIONS 


M. N. Liubimova and F. S. Fain 


The A, N. Bakh Biochemical Institute, USSR Academy of Sciences, Moscow 


It has been reported in previous communications [1-4] that heating of myosin solutions at 50-51° caused 
the coagulation of myosin, the deaminase remaining in solution. 


The deaminase thus obtained is quite stable, but loses activity rapidly on dialysis against water or 0.5 M 
potassium chloride, The activity of dialyzed deaminase may be significantly restored by the addition of a boiled 
myosin solution, or even of a boiled solution of deaminase itself. 


It was further shown [4, 5] that solutions of deaminase, purified by a single salting-out with sodium sulfate, 
had characteristic ultraviolet absorption spectra, differing from those of myosin by a high absorption in the region 
270-250mp. The maximum absorption of deaminase corresponds to 277-275 mp; the ratio of absorptions 280 


to 260 mp is 1.11. Apart from this, these deaminase solutions show a certain correspondence between their de- 
gree of activity and their pentose content, 


The present authors have suggested that the deaminase molecule contained a nucleotide, or a more com- 
plex compound, and have proposed that one of these compounds may be the actual prosthetic group of deaminase. 


In order to provide proof for the above hypothesis it was thought necessary, in the first instance, to show 
the presence, in highly active deaminase preparations, of some specific nucleotide fraction, which would differ 


both qualitatively and quantitatively with respect to its nitrogenous component from the nitrogenous bases iso- 
lated from myosin [5]. 


Certain qualitative data about the character of the nitrogenous bases, present in deaminase, will be pre- 
sented in the present communication, 


METHODS 


Deaminase preparation [4, 5]. Fifty ml* of myosin (Qy = 20-27. 107%) with a nitrogen content of 1 mg/ml 
and pH 6.0, was poured into a preheated one-liter beaker, fixed in the water bath. The total capacity of the 
water bath was 6 liters, its water content — 3 liters, temperature — 56°; the water was stirred continuously, The 
myosin in the beaker was heated for 4 min (exactly), without stirring. At the end of the third minute the myo- 
sin solution, whose temperature had reached 50°, became opaque and turned into a coagulum. However, at that 
stage the myosin is not completely coagulated and the deaminase is not completely separated from it. If the 
coagulum is centrifuged at this stage, the bulk of the deaminase activity is brought down with the myosin pre- 
cipitate. On the other hand, if the coagulum is heated longer than 5 min deaminase activity is lost completely. 


At the end of the 4-min heating period the beaker was cooled in an ice-salt mixture and its contents were 
stirred and centrifuged. Deaminase was salted out from the supernate by gradual addition of powdered, anhy~- 
drous sodium sulfate at 22°. Ammonium sulfate precipitation could not be employed, since this would make 


* Attempts to use larger myosin volumes, with a correspondingly longer heating period, led to complete in- 
activation of the deaminase present, It was found that temperature, heating time, thickness of myosin layer and 
the area of heat-exchange were of considerable importance for the preservation of deaminase activity. 
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impossible the direct determination of deaminase activity without preliminary dialysis, The precipitate, obtained 
when the NagSO, concentration reached 13% (by weight, per 100 ml of solution), after the solution was acidified 
to pH 5.75 with 0.2% acetic acid, contained practically no deaminase activity, and was discarded, The entire 
deaminase activity was contained in the fraction precipitated in the NagSO, concentration range 13-21%. This 
precipitate was collected by centrifugation at 12,000 g and dissolved in a minimal volume of a2M KC1— borate- 
acetate buffer mixture, pH 6.2 (in the ratio 1: 3). 


When deaminase preparations with higher activities were required, the fraction obtained by sodium sulfate 
precipitation between 13 and 21% was subjected to another precipitation, A small precipitate, which again ap- 
peared at the NagSO, concentration of 12%, was discarded, and another fraction was precipitated from the the 
supernate in the NagSO, concentration range 13-15%, It was found that the protein with the highest deaminase 
activity precipitated in this narrow range. A fraction, considerably poorer in deaminase, was precipitated when 
the Na,SO, concentration in the supernate was raised further to 17%. The precipitate obtained in the sodium sul- 
fate concentration range 13-15% was dissolved in the KCl—borate-acetate buffer mixture described above. The 
precipitate was found to be water-insoluble. The precipitate was also poorly soluble in the borate buffer alone — 
a certain amount of grayish material failed to dissolve, Throughout the present communication, any reference 
to “deaminase” will be made entirely with respect to the above solution of the protein precipitating in the se- 
cond cycle between the sodium sulfate concentrations 13 and 15%. 


The fractionation procedure described above yielded deaminase preparations with 20-50 times the activity 
of thrice reprecipitated myosin solutions, and 200-500 times the activity of the original muscle homogenate. 
The specific activity of these preparations, expressed as Qu, ranged between 200 and 800. 10°, In one case the 
value of Qn reached 1- 10°, The turnover value, assuming a molecular weight of 23-10‘ [6], ranged from 1200 
to 3500. However, the method produced very low yields, On the average the preparations contained no more 
than 3.5% of the total initial activity, and 0.1% of the protein, of the original myosin solution, 


Because of the small amount of deaminase obtained from the work-up of one 50-ml portion of myosin, the 
study of the nitrogenous bases was usually made with a mixed deaminase preparation, obtained by pooling several 
batches, prepared from different myosin portions. In order to decrease the salt content of the preparation, pre- 
vent its decomposition during storage, and determine its enzymatic activity and protein content without dissolving 
the stored material, the following procedure was carried out; the protein suspension, obtained after the second 
adjustment of the NagSO, concentration to 15%, was divided into two portions. Nine~tenths of the volume was 
centrifuged, and the precipitate (without dissolving) was frozen immediately and placed in a Dewar flask filled 
with dry ice. The precipitate, obtained by centrifuging the remaining 4), of the suspension, was dissolved in 
the minimal amount of the mixture of borate-acetate buffer and 0.5 M KCl, The clear solution obtained was 
used for the assay of enzymatic activity and for the determination of nitrogen content, The latter value allowed 


the calculation of the nitrogen content of the frozen portion, and hence of its protein content, by multiplication 
by the factor 6.25. 


The assay of enzymatic activity was carried out simultaneously on several dilutions — 1: 100, 1: 200 and 
1:400. All dilutions were made with the above solution, All the water employed in the experiments was ren- 
dered ammonia-free by preliminary equilibration over permutite, 


The experimental mixture contained; 0.2 ml of the borate-acetate buffer, pH 6.2; 0.1 ml of the diluted 
enzyme solution and 0.1 ml of a solution of adenylic acid (15 mg/ml). 


A 0.1 ml aliquot was withdrawn from the mixture after 15 min incubation at 37° and placed in a previously 
prepared tube containing 0.9 ml of water; 0.1 ml of Nessler's reagent was added immediately to the same tube, 
Control tubes contained water instead of the diluted deaminase solution, A separate estimation was carried out 
in order to confirm the absence of ammonia from the water, It was also established, in independent tests, that 
the deaminase protein, in the concentrations employed in the assays (0.1 to 0.8 wg per 0.1 ml of the test aliquot), 


did not cause clouding of the Nessler reagent, the extinction of such protein-reagent mixtures not exceeding that 
of the reagent mixed with water. 


The determination of ammonia formed was made using a Shipalov electric photocolorimeter with a mono- 
chromatic filter 400-460 mu. Actual activities were calculated from experimental values obtained with those 
dilutions, where 1.5-6 yg nitrogen was liberated in 15 min. The specific activity was expressed as the value Qy 
(number of m1 of inert gas liberated by the action of 1 mg of enzyme in one hour), 
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Q,, = ammonia-nitrogen x 1,59x4 
mg nitrogen x 6.25 


ug of ammonta-nitrogen {s the experimentally determined value; mg nitrogen is the amount of deaminase- 
nitrogen present in the 0.1 ml test aliquot taken for nesslerization; 1.59 is the conversion coefficient to NTP 
volume of gas; 4 is the conversion coefficient from 15 min to 1 hr, 


In order to determine the nitrogen content of the deaminase used, 0.1 ml aliquots of the original solution 
were ashed with 0.2 ml of 10 N H,SO,. The ashed solution was diluted with a small amount of water, neutralized 
with 30% NaOH and made up to 10 ml. One ml of this solution was then taken and mixed with 0,1 ml of the 
Nessler reagent for nitrogen determination, The nitrogen content of the aliquot did not exceed 54g. Whenever 
the amount of nitrogen in the aliquot was found to exceed this limit, the estimation was repeated using a smaller 
aliquot of the neutralized, ashed solution, 


Chromatographic analysis. The "slow" Leningrad-2 paper, washed with 0.5% Versene solution, pH 8.5, was 
used for chromatography. The shape of the paper strips, used for ascending chromatography, were as described 
by Matthias [7]. This shape aids the better separation of the bases, This is particularly remarkable in the separa- 
tion of cytosine and adenine, Between 1 and 2g of the base was sufficient for the qualitative demonstration of 
cytosine or adenine. 


With the given shape of the chromatogram the presence of salts has a reduced effect on the R¢ values. In 
view of the limiting amount of material available in the present work, salt could not always be removed from 
the deaminase preparations without risking the loss of some of the bases, and therefore chromatograms were run 


with markers, the R¢ of which was experimentally determined in the presence of salts within the limits of actual 
contamination, 


The chromatographic solvent used was a modified mixture after Wyatt [8]— {sopropyl alcohoFethanol-5 N 
HC1 (60: 20; 20). Chromatograms were inspected with an ultraviolet viewer UB~-1, using a light filter UFS-1 and 

a luminescent screen described by Brumberg [9]. Photographic prints were made on bromide paper “unibrom No, 7," 
by the contact method, In order to obtain satisfactory printing the paper was stretched on a convex surface [10,11]. 
The same UV lamp UB~1 with the filter UFS-1 was used for exposure. Photographs were exposed for 3,0-3.5 sec. 
Spectra were done on a SF-4 spectrophotometer, 


Pentose was determined according to Mejbaum [12]; phosphorus was determined according to Lowry and 
Lopez [13], as modified by Venkstern and Baev [11]. 


EX PERIMENTAL 


In initial experiments the nitrogenous bases were isolated from hydrolyzates, prepared by heating the frozen 
deaminase protein in normal perchloric acid at 80° for 10 min, followed by hydrolysis of the extracts thus obtained 
in 12% perchloric acid for one hour, The Qy value of the preparations were in the range 260-400 - 10°, The cen- 
trifuged hydrolyzate was spotted onto chromatograms with, or without the previous removal of the perchloric acid. 
In the latter case the solutions were spotted over the vapor of concentrated ammonia, The quantity of material 
applied corresponded to 5y g of protein. 


The developed chromatograms showed generally one absorbent band, with an Rr of 0.56-0.59, Identifica- 
tion of the nitrogenous base by its spectrum presented difficulties in view of the minute amounts available. There- 
fore, for the purpose of preliminary orientation, markers were added to the test solution prior to chromatography. 
The chromatograms showed a coincidence of the unknown band with cytosine. With adenine added, the band 
widened, became more diffused and trailing occurred. When uracil or thymine were added, the band due to de- 
aminase hydrolyzate was considerably behind those of the two markers. 


These results indicated that the nitrogenous base found in the deaminase preparation was cytosine. 


Another substance appeared occasionally in some chromatograms; its comparative amount was very low, 
consequently it did not produce a distinct band, but appeared in the form of a diffuse cloudiness inthe region of 


thymine Rs. This may be taken as an indication of the presence of a small amountof DNA in the deaminase pre- 
parations, 
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In order to obtain further information on this problem, particularly with respect to the nature of the bonds 
between the nitrogenous bases and the protein, three deaminase preparations were analyzed according to the pro- 
cedure of Ogur and Rosen [14]. The procedure allows the individual isolation, apart from the lipid fraction (A, B), 
of a number of free nitrogenous bases, nucleosides and nucleotides (C), RNA (Ajj), DNA (Byq) and the alkali-labile 
compounds, or phosphoproteins, 


The following amount of protein was used in each case; 


P 108 


1 495 66-120 
2 166 165-184 
3 151 262-272 


expt. 


The volume of the fractions was 5 ml. A check 
on the ultraviolet absorption in the region 230-300 mp 
revealed that only fraction Byy had the characteristic 
absorption spectrum, namely, a pronounced maximum 
at 275-274 my and a minimum at 248 mu. The ab- 
sorption spectrum obtained was quite different from that 
of DNA but corresponded well with the characteristic 
spectrum of cytidine derivatives (Fig. 1) [15]. Faint 
maxima could also be seen, on the background of in- 
creasing absorption, in other fractions, but only in those 
from the most active preparations; in the lipid fraction 
the maximum was in the same position as in the fraction 
Bry» that is, at 275-274 mu; a small maximum was 
found in fraction C at 290 my (xanthine ?), and a slight 
inflexton in fraction A, at 250 mp, in the region of 
the maximum of guanine. 


me 
— Correlation of results from all the spectra obtained 


indicated the absence of either DNA or RNA from the 
deaminase preparations. At the same time, chromato- 
t bt 
274-276-278 my; 2) cytosine solution in normal graphic analysis of various fractions obtained in the Ogur 
and Rosen [14] procedure corroborated the previous evi- 

perchloric acid (6.91 g/ml); absorption maximum 
at 275-276 m dence on the predominance of cytosine in the prepara- 

a tions (Fig. 2), as evidenced by its position (Rr 0.56-0,62); 
it was also clear that part of the cytosine was firmly bound to the protein, from which it was released only after 
10min extraction with normal perchloric acid at 80°. 


Fig. 1. Absorption spectra; 1) fraction By in the 
scheme of Ogur and Rosen; absorption maximum 


Chromatography was also carried out with the same fractions before and after hydrolysis in 712% perchloric 
acid. Chromatograms of the hydrolyzates containing the free bases (Fig. 2) showed mainly only one wide and 
distinctive absorbing band, with an Rr ranging from 0.58 to 0.60. Under the conditions employed the R¢ of ade- 
nine ranges between the limits 0.49-0.53, and that of uracil — 0.76-0.80. The R¢ of the base derived from the 
protein was therefore closest to that of cytosine, The quantities of material available on the chromatogram were 
not sufficient for obtaining an absorption spectrum. 


Apart from purely absorbent components, the hydrolyzates contained also some fluorescent compounds which 
also showed a certain absorption in the ultraviolet at short wavelengths, Characteristic of all fractions was the 
presence of a substance with an R¢ of 0.30, which showed a blue fluorescence with a slight green tinge, ran in 
the chromatogram considerably behind guanine and was not identical with either folic acid or riboflavin. The 
substance was acid-labile, since the blue-fluorescent band, could only be seen before hydrolysis in 72% perchloric 
acid in fraction By, which is prepared by heating deaminase in normal perchloric acid at 80° for 10 min, It 


disappeared in the latter fraction after hydrolysis in 72% perchloric acid and appeared in all the other fractions 
after this treatment. 
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Fig. 2, Chromatograms of deaminase fractions obtained according to Ogur 
and Rosen and subsequently hydrolyzed in 72% perchloric acid (free nitro- 
genous bases), Band R¢'s in various fractions; A) 0.29, 0.52, 0.59; B) 0.30, 


0.53, 0.61; C) 0.29, 0.47, 0.525, 0.58; Azz) 0.30, 0.52, 0.60; Byy) 0.59, 
0.60. 


Fig. 3. Chromatograms of myosin fractions obtained according to Ogur and 


Rosen and subsequently hydrolyzed in 72% perchloric acid (free nitrogenous 
bases). 


Fig. 4. Chromatograms of deaminase extracts obtained according to Ogur 
and Rosen before hydrolysis (nucleotides, nucleosides, etc.). 
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Another compound, common to the first four fractions and showing an absorption and a yellow-green fluo- 
rescence, travelled with an R¢ of 0.53, that is, it appeared in the absorbent band of adenine. Apart from these, 
another compound, found in the fraction of the free bases and nucleotides (C), produced on the chromatograms 
a wide band in the region of hypoxanthine (R¢ = 0.47), which fluoresced with a blinding emerald-green light. 

It was possible to ascertain, by means of visual spectroscopy, that the main spectral characteristics of this band 
lay between 495 and 550my_, with an absorption maximum at 525-530 my. A band with a similarly colored 
fluorescence was also found in the fraction Byy, in a position directly adjacent to the main band at an Rg of 
0.59. This fluorescence in fraction Bry corresponds, in all probability, with the fluorescent substance described 
by Levy and Schnellbacker [16] and studied in more detail, in DNA preparation from various tissues, by Dunn 
(17] who termed it the “white spot" (WS). During chromatography this compound travels together with cytosine 
and, as pointed out by Dunn, it arises as a result of the condensation of guanine with some pentose fragments, 


When the chromatograms of the various fractions, obtained by the procedure of Ogur and Rosen from de- 
aminase (Fig. 2), were compared with corresponding myosin fractions (Fig. 3) [5], it became immediately ob- 
vious that the chromatograms of the myosin fractions contained a considerably larger number of bases than did 
their deaminase counterparts, However, only one fluorescent substance was found, travelling with a minimum 
Re of 0.30, and identical with the corresponding band in the deaminase fractions. 


The phosphoprotein fraction of deaminase was found to contain a considerable amount of phosphorus — 12 
moles per mole of protein (M = 320,000). 


DISCUSSION OF RESULTS 


The comparison of chromatograms of the various fractions from deaminase with their counterparts obtained 
from myosin preparations makes it quite obvious that the nitrogenous bases isolated from deaminase cannot be 
considered as merely residual traces of the nucleotide complex present in myosin or DNA (Fig. 3). Deaminase 
was found to be considerably poorer in nitrogenous bases than myosin itself, its main nitrogenous components 
being cytosine with traces of other compounds (of unknown nature), which produced fluorescent material upon 
hydrolysis in 72% perchloric acid, It is possible that one of the initial compounds which produces fluorescence 
is also a nitrogenous base, since traces of guanine were detected when the deaminase was analyzed according 
to the procedure of Spirin and Belozerskii [18], while in the extraction procedure of Ogur and Rosen, guanine 
could not be detected, the fluorescent compounds appearing instead. 


It is hardly probable that the mentioned fluorescent compounds were the aromatic amino acids (phenylala- 
nine, tyrosine and tryptophan), whose fluorescence was studied by Teale and Weber [19]. This view is supported 
by the fact that the absorption spectra of all the fluorescent bands investigated bore no resemblance to the spec- 


tra of the above-mentioned amino acids. The nature of the unknown fluorescent substances is being further in- 
vestigated. 


The question arises, in what form does cytosine occur in deaminase ? A comparison of chromatograms of 
the various fractions obtained in the procedure of Ogur and Rosen, before (Fig. 4) and after (Fig. 2) they were 
hydrolyzed in 72% perchloric acid, prompted the conclusion that the nitrogenous bases were present in deaminase 
not in a free form, but combined in a complex. The same conclusion was reached in the preliminary investiga- 
tion of fraction By; where, simultaneously with the absorption spectrum, pentose, as well as phosphorus, was deter- 
mined. The nature of this complex requires further elucidation, 


The present communication did not deal with the problem of the function of cytosine as a prosthetic group 
of deaminase, since this aspect was not investigated. However, the present authors consider that several remarks 
would be in order in connection with some results of Lee [6, 20, 21] on the isolation of a crystalline deaminase 
preparation with an enzymatic activity Qn = 2-10°, and the reported determination of a number of physicochemi- 
cal characteristics of this enzyme. The data of Lee confirmed our suggestions about the presence of a nucleotide 
in deaminase, It was found by this author that crystalline deaminase contained considerable amounts of material 
absorbing at 260 mp; the maximal absorption of crystalline deaminase lies in the region of 276-275 my, the ratio 
of extinctions at 280: 260 mp being 1.11. The enzymatic activity was depressed by substances which bind nucleic 
acids and nucleotides, for instance, by protamine sulfate and Mn** (2° 1073 M). The nucleotide composition was 
not investigated. However, on the basis of hardly convincing facts, Lee denied the possible role of the unknown 
nucleotide as a cofactor of the enzymatic activity and considered it to be rather an inert contaminant. The ex- 
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perimental details of this part of Lee's communication could not be followed in view of the brevity of presenta- 
tion, The one fact of importance with regard to the present work seems to be that, in the few cases described 
by Lee in connection with deaminase reactivation, where negative results were obtained, the deaminase solutions 
employed were highly active ones. In our experience, the reactivation effect could only be observed fully when 
the following conditions were observed; enzymatic activity should be low and the native state of the apoenzyme 
residue must be preserved. Since in the experiments of Lee this aspect was neglected and, furthermore, inhibi- 
tion of enzymatic activity was observed in the presence of nucleic acid- and nucleotide~binding agents, it seems 
to the present authors that the question of the coenzyme role of the nucleotide has not been solved in the nega- 
tive, 


SUMMARY 


A method for the isolation of a highly active deaminase preparation from myosin has been described, The 
procedure resulted in a 200-500-fold purification as compared with the saline (0.5 M KCl, pH 9) extract of the 
muscle homogenate, and a 20-50-fold purification compared with thrice reprecipitated, actin-free myosin. 


The deaminase preparations were extracted with hot normal perchloric acid and the extracts were further 
hydrolyzed in 72% perchloric acid; they were also fractionated in accordance with the procedure of Ogur and 
Rosen and the fractions subsequently digested in 72% perchloric acid; fractions were also prepared according to 
Spirin and Belozerskii. The nitrogenous bases were investigated chromatographically in all fractions obtained, 
and it was established that the main nitrogenous base present was cytosine. However, the final identification by 
means of the ultraviolet spectrum is still pending. 


Deaminase was found to contain, apart from cytosine, a number of other compounds of unknown nature, 
which gave a distinct fluorescence as well as a weak absorption in the 250-270 mp region. One of the fluores- 
cing substances is, in all probability, a condensation product of guanine and some pentose fragments. 


The bulk of the cytosine was found to be firmly bound to the protein. The same fraction was found to 
contain also phosphorus and a pentose. 


The phosphoprotein fraction was found to contain phosphorus in the ratio of 12 moles of phosphorus per 
mole of protein (assuming molecular weight of 32+ 10*), 


Deaminase was found to differ considerably from myosin and DNA by the nature of the nitrogenous bases 
it contained. 
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DISCUSSION 


THE ENZYMATIC HYDROLYSIS OF GLOBULAR PROTEINS* 


M. P. Chernikov 
The Institute of Biological and Medical Chemistry, USSR Academy of 


Medical Science, Moscow 


The problem of the initial stages in the enzymatic hydrolysis of globular proteins is of utmost importance 
in the field of proteolysis. It has been known for some considerable time that proteolysis is greatly accelerated 
by denaturation, There is, however, a lack of agreement at present on the possibility of the hydrolysis of native 
proteins, A number of authors hold the view that proteases can only hydrolyze denatured proteins and that they 
do not attack native ones, Others believe that proteases can attack native proteins and that denaturation of the 
proteins simply leads to an acceleration of their hydrolysis, Finally, there appeared in the recent literature a 
hypothesis about the denaturing effect of proteases on globular proteins. 


The limitations of a small article do not permit us to enter into the details of this very interesting problem 
in protein chemistry — denaturation, The aspects of the problem that will be dealt with here will be only those 
of direct importance in proteolysis; they are; the nature of denaturation, that is, what we mean by denaturation, 
the firmness of the structure and, finally, what is meant by the denatured state of a protein. In connection with 
the last question reference will be made to processes which complicate denaturation, 


Recent investigations in the field of protein denaturation [1-10 and others] have undoubtedly produced con- 
siderable advancement, Kausmann [3] produced a most satisfactory definition of denaturation, which was defined 
as a process leading to the destruction, or alteration, of the secondary or tertiary structure of the protein molecule. 
The conception of the stabilization of the native state of globular protein by means of the primary, secondary and 
tertiary structures, was introduced by Linderstr6m-Lang [11]. The latter author visualizes protein synthesis taking 
place in three phases. The first stage comprises the joining of amino acids into the peptide chain. Other covalent 
bonds, such as disulfide bonds, are formed during this phase. The primary structure of the globular protein is formed 
at this stage. During the second phase the polypeptide chain becomes twisted into a spiral, which is strengthened 
by hydrogen bonding, the secondary structure thus being completed (according the terminology of Linderstr6m- 
Lang). The third phase consists of the folding of this spiral into short segments, which then pack together to form 
the native protein globule, The stabilization of this tertiary structure is effected mainly by the participation of 
"hydrophobic" bonds, that is, van der Waals forces. Thus, unlike the primary structure, the secondary and ter- 
tiary structures are stabilized mainly by bonds of a noncovalent nature. The denaturing change is connected with 
the simultaneous breakage of many noncovalent bonds which stabilize the native state. The mechanism of the 
subsequent unfolding of the protein polypeptide chains should not necessarily be attributed to the action of elec- 
trostatic forces within the protein molecule, since denaturation may be effected even in the case when these 
forces are directed toward the strengthening of the structure, This is the case at the isoelectric point (IEP), when 
the protein structures may be expected to have highest stability. The decisive role in this case would be that of 
the thermal movement of the surrounding-medium molecules, This situation is of great importance in the under- 
standing of the denaturation process. 


In the case of many proteins the native state presents a sufficiently firm structure, since considerable ener- 
getic barriers must be overcome in their destruction. It is known that denaturation is characterized by a high 


* The subject matter of this communication has been presented on March 7, 1957, at a session of the Biochemical 
Section of the Moscow Society of Physiologists, Biochemists and Pharmacologists. 
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temperature coefficient of reaction velocity. Its magnitude may be two orders above the corresponding coef- 
ficient of most chemical reactions, The mean value for the activation energy of many denaturation reactions 
reaches 40,000-100,000 ca) /mole [1, 2, 12]. The high specificity encountered among the globular proteins also 
presupposes a certain rigidity of molecular structure [12]. Protein specificity is connected with an exact spatial 
distribution of certain reactive groups on the protein molecule and with the preservation of the distances between 
these groups. Without a certain degree of rigidity protein molecules in solution would have innumerable degrees 
of freedom, Any increase in structural detail would lead first to a decrease in the number of degrees of freedom, 
with the consequent increase in specificity, Pasynskii determined the deformation of serum albumin molecules 

at low pH and calculated the elasticity modulus of these molecules to be 75 kg/mm?*, which approaches the 
value of the elasticity modulus of materials of the type of ebonite and polyamide resins [7]. 


It follows from the data discussed above that, under phystological conditions (in the present case this means 
mainly pH and temperature), the majority of globular proteins should be quite capable of preserving their native 
state, Reversible denaturation could hardly be expected to occur under these conditions, 


In most cases, for instance, in the case of thermal denaturation, it {s the accepted practice to consider the 
postdenatured state of a protein as its true denatured state, This conception involves an inaccuracy, since, after 
the removal of the denaturing agent, there occur processes of "renaturation™ and aggregation, which result in the 
reconstruction of a protein structure which is characteristic, in some aspects, of a globular protein, It is there- 
fore necessary to introduce the concept of a "true" or "proper denatured state," The latter term should be applied 
to a state of a globular protein in the presence of a denaturing agent, whose bonds, concerned with the stabiliza- 
tion of the native state, have been, or are constantly being, destroyed. Such a state should also be highly unstable. 


Following these short remarks concerning protein denaturation, let us consider the problems connected with 
proteolysis. The theory to be discussed first would be one whose supporters connect proteolysis with the existence 
of a reversible equilibrium between the native and the denatured forms of a protein. We shall then deal with a 
hypothesis about the denaturing action of proteases and, finally, we shall attempt to answer the question of how 
native and denatured proteins are hydrolyzed. 


The idea of the principal inability of native proteins to undergo hydrolysis was advanced long ago. Thus 
Haurovitz [12] stated: “It may be assumed that trypsin, when hydrolyzing (however slowly) native proteins, 
really attacks only the traces of denatured proteins present in them, This must be accompanied by a continuous 
disturbance of the equilibrium native protein — denatured protein, and by a shift of this equilibrium to the right.” 
This idea is based on three facts; first, many native globular proteins are very slowly attacked by trypsin and 
other proteases; secondly, the rate of proteolysis is much higher with denatured proteins than it is in the case of 
the native ones and, thirdly, an equilibrium between the native and denatured forms of proteins is known to exist 
in certain cases, 


Kunitz and Northrop, in a publication dealing with trypsin autolysis, attempted to prove experimentally 
the concept of the nonhydrolyzability of native proteins [13], The enzyme inactivation was studied at various 
pH values. Reversible inactivation was observed when the pH of trypsin solution was varied between 8.0 and 13.0. 
Trypsin lost activity reversibly when heated in acid solutions. The speed of enzyme autolysis increased with in- 
creasing pH values from 2.0 to 10.0, and fell when the pH was increased further. These authors interpreted these 
results to indicate that trypsin in its native form hydrolyzed the enzymatically inactive, denatured form with 
which it was in constant equilibrium, This interpretation of the mechanism of trypsin autolysis ts presently sup- 
ported also by other investigators, notably Bier and Nord [14]. However, a number of objections can be raised 
to this theory. 


The kinetic data quoted by Kunitz and Northrop cannot be taken as sufficient proof, in view of the com- 
plexity of the reaction studied [15], 


We have stressed above that under physiological conditions (pH and temperature) the existence of an equi- 
librium between the native and denatured forms of a protein was unlikely. This is particularly well demonstrated 
in the case of pepsin and trypsin. The IEP of both these proteins corresponds with the optimal pH region for their 
activity, The electrostatic forces within the molecules are consequently directed towards the strengthening of 
these molecules and the proteins must be expected to possess maximal stability at the pH optimal for their acti- 
vity. The observed increase in autolysis speed of trypsin with increasing pH was due primarily to the approach 
of the pH optimal for its activity (pH 8-9) [16]. The isoelectric point of trypsin lies at pH 10.8. It is interesting 
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that the trypsin molecule should be highly stable in acid media (pH 3.0), when molecular charges reach maxi- 
mum, and therefore the maximal degree of molecular deformation should be expected. Yet, viscosity and opti- 
cal rotation measurements, which usually provide specific indication of protein denaturation, failed to reveal 
molecular deformation in a number of proteins, including trypsin [17]. 


We have made attempts to check experimentally the theory of Kunitz and Northrop [18]. Use was made 
of the property of diisopropylfluorophosphate (DPF P) to inactivate the enzyme, while preserving its native struc- 
ture, The DPFP-trypsin in both native and denatured form. was then subjected to hydrolysis by active trypsin, 
in the enzyme; substrate (E/S) ratio of 1:10. Unlike the native protein derivative, the denatured DPFP-trypsin 
was completely resistant to hydrolysis at pH 7.9. Of importance in this instance is the fact that the native DPFP- 


trypsin underwent quite active hydrolysis. The reasons for the failure of the enzyme to attack the denatured will 
be discussed below. 


It {s impossible to imagine that none of the peptide bonds of native proteins are accessible to protease ac- 
tion, and that access may be gained only after denaturation, It was believed earlier that, during the formation 
of the enzyme-~substrate complex (ES) between the protease and the protein, the electrostatic interaction between 
the molecules of enzyme and substrate were of great importance, Presently available data indicate that the most 
important factor in the formation of this complex is the active center of the enzyme [19-23]. The results of our 
experiments on the formation of enzyme-substrate complexes between trypsin and the native or denatured pro- 
teins showed that such complexes were formed in both cases, but that their concentration was about 100 times 
higher in the case of the denatured proteins, compared to the native form [24]. 


The hydrolysis rate of native proteins increases with increasing enzyme concentrations. If the enzyme at- 
tacked only the native form of the protein, then it may be expected that, at a given enzyme to substrate ratio, 
a maximal reaction velocity would be reached, which would no longer be affected by further increase in enzyme 
concentration. The existence of protease inhibitors of a protein nature, such as the soybean trypsin inhibitor, 
whose denatured, but not native, form is attacked by trypsin, confirms the argument that, under near-physiological 
conditions, an equilibrium between the native and denatured form of a protein is not feasible [16]. 


It thus appears that factual evidence opposes the view that the enzymatic hydrolysis of proteins is concerned 


purely with the denatured form of the substrate, supposedly existing in some type of equilibrium with the native 
form. 


There was, at one stage, a theory about the deaggregating effect of proteases [25]. The mistakes of that 
theory lay mainly in methodical errors. While at our present state of knowledge pure proteases are known to 
attack, apart from peptide bonds, also ester, amide and other bonds, the protein deaggregating activity of prote- 
ases has not yet been demonstrated. This would also be improbable on the grounds that the activation energy of 
such a reaction is near zero, and therefore there would be little call for the enzymatic catalysis of this step, a 
fact pointed out by Pasynskii and Belitser [8]. 


Linderstrom-Lang, et al. proposed a theory about the denaturing effect of proteases during the hydrolysis 
of some globular proteins [26]. The view initially taken by Linderstrom-Lang was that discussed above, namely, 
that native proteins were not attacked by proteases, His revised views bear, in fact, some relation to this original 
theory, in that it is assumed that the protease denatures the native protein before hydrolysis can start, the latter 
process taking place with the already denatured form, While Linderstrom-Lang displays in this respect a certain 
amount of caution, believing that no general solution can apply to all proteins and proteases, other authors, notably 
Green and Neurath, tend to extend this interpretation, with some modifications , to include the enzymatic hydro- 


lysis of all globular proteins [27]. Let us consider the main experimental evidence upon which this theory has 
been built. 


The data of most interest, quoted by Linderstr6m-Lang et al., concern the hydrolysis of 8 -lactoglobulin 
by trypsin. The tryptic hydrolysis of this protein is accompanied by a large volume decrease, The magnitude 
of this change is about twice that observed during the hydrolysis of common peptides, In the latter case the 
volume decrease is due to electrostriction which occurs during the enzymatic hydrolysis of charged groups. Since 
in the case of 6 -lactoglobulin hydrolysis the volume decrease approaches normal values when the hydrolysis 

time is increased, the authors have concluded that the anomalous phase of the effect took place in the first stages 
of hydrolysis, In the authors* opinion this initial process is, at 0°, considerably faster than the ensuing endopepti- 
dase process, At 40° both processes proceed with comparable velocities, The optical levorotation of a 6 -lacto- 
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globulin solution in 19% urea increases slowly, which may be taken as proof of denaturing changes in the protein. 
The same phenomenon may be observed in alkaline buffer solutions of pH 8,25-9.25, without urea. The increase 
in optical rotation of alkaline urea solutions of 6 -globulin is greatly enhanced in the presence of trypsin [28]. 
On the strength of this evidence, Linderstrom-Lang, Hodgkins, Christensen and others consider the primary pro- 
cess in the hydrolysis of 8 -lactoglobulin by trypsin to be denaturation, 


In contradistinction from the Linderstrom-Lang school, other investigators, which share this view, offer 
considerably less evidence in support of the theory of denaturing effect of proteases, This can be said of Li, 
Papkoff et al. [29], who studied chymotrypsin effect on growth hormone, of Lundgren [30], who studied the effect 
of papain on thyroglobulin, and of Singh [31], who investigated the effect of trypsin and papain on the circular 
muscle of the frog's stomach. As an example, the work dealing with the hydrolysis of growth hormone by chymo- 
trypsin [29] will be considered in detail, When this protein was incubated at 0°, pH 9.5, for 2 hrs in the presence 
of chymotrypsin, with an E/S ratio of 1; 300, a new component appeared, whose electrophoretic mobility was 
1.3 times that of the starting material. The authors claim that this change was not accompanied by an increase 
in nonprotein nitrogen, or by any change in the N-terminal amino acids of the protein; the C-terminal amino 
acids were not determined, These results have been interpreted to indicate that chymotrypsin had a denaturing 
effect on growth hormone, quite divorced from peptide bond hydrolysis. 


One of the main objections against the theory of the denaturing effect of proteases on proteins arises from 
the contemporary understanding of the actual denaturation process, As mentioned before, this process consists 
in the simultaneous rupture of a large number of noncovalent bonds, None of the known enzymes, including the 
proteolytic ones, are capable of catalyzing such a process, Linderstrom-Lang believes that the denaturing effect 
of trypsin on 8 -lactoglobulin consists in the rupture of a small number of peptide bonds, This in itself constitutes 
an inconsistency, since it admits the hydrolysis of a native protein by a protease. Peptide bond hydrolysis un- 
avoidably leads to the transformation of one protein into another. A whole series of such transformations are 


known at present, all taking place within the limits of a native protein, The following may be quoted as exam- 
ples, 


. Ovalbumin into platelet protein, as effected by an enzyme from B, subtilis [32]; 
. Chymotrypsinogen into a variety of chymotrypsin [33-35], 
. Trypsinogen into trypsin [34]; 
Phosphorylase "a" into "b" as effected by trypsin [36]; 
Procarboxypeptidase into carboxypeptidase as effected by trypsin [37]; 
6. Myosin into meromyosin by the action of trypsin and chymotrypsin [38, 39]; 
1. Fibrinogen into a fibrin monomer by the action of thrombin [40-41], etc. 


In the majority of cases quoted above, a series of peptides is cleaved from the initial protein by some pro- 
tease or other. 


The second objection is as follows: in an uncomplicated denaturation, which was exactly the case in the 
examples quoted, there could be expected a large rise in the enzymatic hydrolysis rate of the denatured forms, 
This would have brought about its complete hydrolysis, and therefore the existence of a denatured form in the 
presence of an active protease is hardly likely. 


It is also necessary to consider the data which prompted Linderstr6m-Lang to conclude that no unitary solu- 
tion for all proteins and proteases was possible [26]. According to that author, ovalbumin is not denatured by 
trypsin even in the presence of urea, nor is 8-lactoglobulin denatured by chymotrypsin. It also appears that the 
abnormal volume decrease cannot be taken as a decisive symptom, since it takes place during chymotrypsin 
hydrolysis of 8 -lactoglobulin and insulin, as well as in the hydrolysis of 8 -lactoglobulin and ovalbumin by pep- 
sin, where according to Linderstrom-Lang no denaturation takes place. 


It should also be stated that the volume decrease observed is not specific to globular protein denaturation 
phenomena. On the contrary, one can quote a number of workers who described volume increases during dena- 
turation which have been attributed to the “attrition” of the globular protein molecules [2]. It is known that 
some proteins may be protected from denaturing action by the application of small pressures. It was also shown 
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by Tongur et al. [43,44] that “renaturation” of heat-denatured proteins was possible by the application of high 
pressures. It can therefore be concluded that the volume decrease observed during the denaturation and the 
enzymatic hydrolysis of some proteins is not part of denaturation itself, but that it constitutes some other paral- 
lel phenomenon. It may, perhaps, be assumed that this phenomenon {s related to aggregation, 


The present author cannot agree with Linderstr6m-Lang in his interpretation of the results obtained by Chris- 
tensen [28]. The latter author showed that the increase in optical levorotation with time, shown by 8 -lactoglo- 
bulin solutions, was caused by the action of urea and hydroxyl fons (pH 8.25-9.25) upon this protein. Trypsin en- 
hanced this process, both in the presence and absence of urea, at pH 8,25-9.25, It can also be concluded from 
the data of Christensen that the degradation of this protein by the enzyme alone (excluding the effect of urea 
and hydroxyl ions) was accompanied by an increase in optical levorotation, This conclusion could be arrived 
at from the results of an experiment, in which 6 -lactoglobulin was hydrolyzed by trypsin after preliminary heat- 
denaturation, This was accompanied by a fall of the high levorotation (about —105°) to a definite level (slightly 
above — 90°), which was still considerably higher than the optical rotation of native 6 -lactoglobulin solutions 
(below —70°). Consequently, during the hydrolysis of 8 -lactoglobulin by trypsin in alkaline urea solutions, there 
takes place an increase in the optical rotation at a rate which is the sum total of the velocities of at least three 
individual reactions, For this reason the results of Christensen's experiments cannot be taken as proof of the de- 
naturing effect of trypsin on 6 -lactoglobulin, 


It may be concluded from the above that, in all cases, there occurred the splitting of a protein in its native 
state, that is, there took place ordinary proteolysis, which in some cases took the form of protein transformation, 
in others occurred with inhibited velocity, and in others again the two phenomena coexisted [16]. The first and 
last types of proteolysis can simulate denaturative changes, since in both cases there is formation of proteins dis- 
tinct from the original material in their properties, 


There is a substantial body of evidence to the effect that denatured proteins are hydrolyzed by enzymes 
much faster than their native counterparts (45-48, and others]. This refers particularly to the case of hydrolysis 
by trypsin, chymotrypsin, papain and some cathepsins. However, further investigations revealed certain inac- 
curacies in this concept. We have been able to show that the difference between the hydrolysis velocities of 
denatured and native serum albumin by chymotrypsin varied, and that they depended on the E/S ratio [49], All 
three possible cases in the ratio of the velocities could be observed; at some E/S ratios the denatured protein 
was hydrolyzed more rapidly than the native form, at others the reverse was the case, and at others again the 
hydrolysis velocities were equal, It was already stated above that in the ease of trypsin autolysis the denatured 
DPFP-trypsin differed from the native derivative in that it was not attacked by the active enzyme. There were, 
furthermore, large discrepancies between the rates of hydrolysis of the native and denatured forms of serum albu- 
min by chymotrypsin, and the corresponding concentrations of the enzyme-substtate complexes (24, 49]. The 
difference between the concentrations of the ES complexes was two orders of magnitude higher than the difference 
between the corresponding hydrolysis rates. Thus, at a E/S ratio of 1:3, the denatured protein was hydrolyzed 
only 1.5 times as rapidly as the native one, while the concentration of the enzyme-substrate complex in the 
former case was one hundred times that in the latter instance. 


We suggested that, in this case, aggregation may be involved, a process also observed in the thermal de- 
naturation of proteins, This supposition has been substantiated by our investigations, as well as by those of others 
(50, 51). But this explanation, as will be shown below, is incomplete, even though correct, The problem must 
be considered in a wider aspect. 


Thermal denaturation is known to be accompanied by the aggregation of protein molecules. This may be 
demonstrated by a number of methods; sedimentation, electrophoresis and light-scattering studies [52, 53]. It is 
known that urea causes the deaggregation of proteins, thus, it will render insoluble proteins soluble [2]. We have 
made use of this property of urea [50]. After thermal denaturation, ovalbumin and serum albumin were treated 
with 6-8 M urea, and then hydrolyzed with trypsin and chymotrypsin in 3-4 M urea solutions, Under those condi- 
tions the rates of enzymatic hydrolysis observed were up to five times higher than in the case of heat-treated pro- 
teins. Unfortunately, both trypsin and chymotrypsin are not particularly stable in the presence of urea, so that 
the concentration of this reagent could not be increased above 4 M, and thus its effect at concentrations 6-8 M, 
that is, at its optimal deaggregating concentration, could not be tested. Nevertheless, the results obtained con- 
firmed the view that, with thermally denatured proteins, aggregation interferes with subsequent proteolysis. 
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Gorini and Audrain [51] studied the hydrolysis of denatured serum albumin by chymotrypsin, They denatured 
the protein by autoclaving at 120°, and observed that the process of postdenaturation aggregation continued for 
many hours (at 26°) after denaturation, and that it was accompanied by the decrease in free -SH groups and a 
simultaneous decrease in proteolysis rates. 


There are certain difficulties in the treatment of such data, First, in the hydrolysis of heat-treated proteins, 
one deals with the postdenatured state of the protein and not with the true denatured state. The postdenatured 
state of a protein is complicated not only by aggregation processes, but also by "renaturation,” which brings 
about to some degree the appearance, in the protein molecules, of the secondary and tertiary structures of the 
globular protein, which is further strengthened by aggregation. This is well demonstrated not only by the increase 
in optical rotation, but also by the increased tendency for the formation of ES complexes with proteases [24]. 

One may expect that maximal enzymatic hydrolysis rates would obtain in the case of a protein in the truly 
denatured state, that is, one in the form of an open polypeptide chain, or closely approximating such a structure, 
This supposition is confirmed by experimental facts. Thus, Lineweaver and Hoover [54] showed that the rate of 
hydrolysis of hemoglobin by papain increased by more than 100 times in the presence of 6-8 M urea. It is also 
known [28] that certain “structureless” proteins, viz.,some protamines, as sturin and others, are hydrolyzed by 
trypsin with very high velocities. 


In all probability, the enzymatic hydrolysis of a native protein takes place in two stages, each consisting 
of a multitude of hydrolytic reactions involving various peptide bonds, Thus, the hydrolysis of serum albumin 
consists of 224 reactions of peptide bond hydrolysis, while the hydrolysis of chymotrypsin involves 156 reactions 
[55]. The first stage involves the hydrolysis of the initial protein molecules, as well as of any products retaining 
the globular structure, and therefore this stage is known as true proteolysis, or proteolysis proper. The second 
stage involves the hydrolysis of the intermediate peptides which lack the globular structure, and therefore this 
stage is known as peptidolysis. These stages can be expected to possess different reaction rates, The rate deter- 
mining stage is the first phase, which is comparatively the slowest, According to our data, 1 mole of chymotryp- 
sin hydrolyzes in 1 min 0.3 mole of serum albumin while one mole of trypsin, in the same time interval, hydro- 
lyzes twice this amount — 0.6 mole [55]. These dataare in good agreement with the results of Trurnit [56]; using 
an automatic ellipsometer, this author found that 1 mole of chymotrypsin removed from the surface film 0.5 mole 
of serum albumin, The low rate of the first stage of proteolysis is, apparently, due to a number of reasons: 1) the 
inaccessibility of many of the peptide bonds in the native protein molecules; 2) the higher strength of the peptide 
bonds in the protein molecule, as compared with the polypeptide chain; 3) the lower molecular mobility of the 
protein molecules compared with peptide molecules. 


The difference in the reaction rates of the first and second proteolysis phases is the cause of the observations 
that many proteins are hydrolyzed by proteases according to the type of reaction with inhibited rates, where during 
a considerable initial period the original protein and the final reaction products can be detected in the reaction 
mixture, but not so the intermediate products [57]. The type of proteolysis encountered will be determined by the 
structure of the protein substrate and not by the protease itself. 


It may be expected that the intermediate products of the enzymatic degradation of proteins would be less 
stable to the denaturing effect of the medium. Only polypeptides of a given length and structure can possess a 
globular form. Two types of decomposition products are formed during the hydrolysis of a globular protein; those 
which have preserved, and those which have lost, the specific structure of a globular protein, The decrease of the 
denaturation threshold in the decomposition products could also have an accelerating effect on the increase of 


optical levorotation in the hydrolysis of 8 -lactoglobulin by trypsin in alkaline urea solutions, as observed by 
Christensen [28]. 


Upon the destruction of the native protein structures (secondary and tertiary) the protein approaches a struc- 
ture of an open polypeptide, which results in a large increase in its hydrolysis rate by proteases, This is the mecha- 
nism responsible for the increase in the hydrolysis rates, encountered with truly denatured proteins. Apart from 
the denaturative mechanism for enhancing the enzymatic hydrolysis rates of globular proteins, there also exists 
another mechanism, distinct in principle of action, where the combined activity of a mixture of proteases is in- 
volved. Afanas'ev and Mosolov [58], as well as the present authors [55], showed that the hydrolysis rates of na- 
tive proteins increased considerably in the presence of protease mixtures, In all probability this phenomenon is 
due to the increased number of peptide bonds which become open to attack directly in situ in the native protein 
molecule. Such a means of “flank attack" upon the stable native proteins through the employment of a mixture 
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of proteases and, in the case of proteids, also of other enzymes, must be of great importance in the hydrolysis 
of native globular proteins within the cells and tissues of the living body. 


SUMMARY 


Denaturation changes of globular proteins involve the simultaneous destruction of a large number of non- 
covalent bonds, The subsequent unfolding of the polypeptide chain takes place at the expense of the thermal 
mobility of the molecules of the surrounding medium, The native state is quite firm and rigid since, in the 
majority of cases, a considerable energy barrier must be overcome in its destruction. It is therefore feasible 
that, under near-physiological conditions (pH and temperature), the majority of globular proteins should be ca- 
pable of preserving the native state without difficulty. The concept of a “denatured protein,” when applied to 
the postdenatured state as, for instance, after heat-denaturation, is misleading. Under those conditions renatura- 
tion and aggregation changes take place in the absence of the denaturing agent, the final result being the recon- 
struction of molecular structures of the protein which, to some extent, correspond with those of globular proteins, 
The true denatured state may be occasionally observed in the presence of the denaturing agent; in those cases, 
within the protein molecules, there takes place, or has already taken place, the destruction of bonds which are 
responsible for the stabilization of the globular structure. Such a state should be expected to be highly unstable. 


The enzymatic hydrolysis of native proteins cannot be described simply as a cleavage of the protein's de- 
natured form, supposedly existing in constant equilibrium with its native form. The idea of the denaturing and 
deaggregating effect of proteases upon the globular proteins contradicts both the modern understanding of the de- 
naturation process and our present state of knowledge regarding protease action. It can be concluded from the 
data available that proteases are capable of hydrolyzing globular proteins in their native state, with the excep- 
tion of certain specific inhibitors of a protein nature, The various bonds which serve to stabilize the native state 
of protein molecules, and which also contribute to the formation of various biological structures, obstruct proteo- 
lysis. Polypeptides with an open chain structure are hydrolyzed by proteases at highest rates, The denaturation 
of globular proteins also leads to increase in the rate of their enzymatic hydrolysis. Aggregation and renatura- 
tion result in reduced rates of enzymatic hydrolysis, The enzymatic hydrolysis of a native protein proceeds in 
two phases; true proteolysis, when the enzyme attacks either the native protein molecules or such decomposti- 
tion products as have preserved the globular structure, and peptidolysis, when the enzyme hydrolyzes the linear 
polypeptides, which have lost their globular structure. The first phase, being comparatively the slower, deter- 
mines the over-allrate of the proteolytic reaction, 
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INTERNATIONAL SCIENTIFIC LIFE 


INTERNATIONAL SYMPOSIUM ON ENZYME CHEMISTRY 


The International Symposium on Enzyme Chemistry, organized by the Science Council of Japan in conjunc- 
tion with the International Union of Biochemistry, took place in Tokyo and Kyoto between October 15 and 23, 1957. 


The organization of the Congress and the bulk of the work involved. was carried out mainly by a large num- 
ber of Japanese scientists, students and research workers. A large proportion of the organizing activity fell to the 
part of Profs. K,. Kodama, Chairman of the Organizing Committee, S, Akabori, Chairman of the Working Com- 
mittee, as well as F, Egami, K. Ichihara, Z. Nikuni and M, Ishimoto. 


The Symposium was attended by a number of well-known enzymologists from the entire world. The United 
States was represented by B. Chance, D, Shemin, L. Underkofler, R. Block, D, Rittenberg, D, Green, I. Gunsalus, 
A. Benson, M. Doudoroff, A. Balls, B. Horecker and other scientists. B. C. Guha and K. V. Giri came from India, 
C, Fromageot and P, Desnuelle from France, K. Rimington and F. Dickens from England, A. Rossi-Fanelli from 
Italy, M. Florkin and J, Brachet from Belgium, F. Lynen from the Federal German Republic, O, Hoffmann-Osten- 
hof from Austria, H. Lundegardh from Sweden, J. H. Quastel from Canada, O. Wiss from Switzerland and E, Kat- 
chalski from Israel. 


The Soviet delegation to the Symposium consisted of the following: A. I. Oparin(head of delegation), 
V. A. Engel'gardt, N. M. Sisakian, A. E. Braunshtein, V. N. Bukin, M. N, Liubimova, R. V. Feniksova, I. N. Kise- 
lev and V. L. Kretovich. 


The opening session of the symposium took place in the University Club, Tokyo, on October 15, After the 
delivery of official greetings, the combined plenary session heard special lectures, "Cytochromes, Their Nature 
and Function in Living Cells" by Prof. Britton Chance (USA) and "The Koji, An Important Source of Enzymes in 
Japan" by Prof. Hiroshi Tamiya (Japan). 


The topical sessions — there were four topics in all — followed the combined session. The first topic dealt 
with hydrolases, phosphorylases and pherases, the second — with oxidation-reduction processes, the third — with 
enzymatic reactions involving proteins and nucleic acids, and the fourth — with the industrial application of en- 
zymatic processes, 


In the first topic, I. C. Gunsalus presented a review of the available data on oxidative reactions and on the 
energetics of keto-acid metabolism. A number of papers (by K. Ichihara et al., E. Snell and A. E. Braunshtein) 
dealt with some enzymatic reactions which require the presence of pyridoxal, 


A number of communications dealt with transphosphorylations, phosphatases and phosphorolytic processes. 
In this group belong papers by H. Tamiya on photochemical transphorylation in green leaves, by O. Hoffmann- 
Ostenhof on the transferring enzymes in the metabolism of inorganic polyphosphates and of pyrophosphate, by 
A. H. Ennor et al, on phosphagens and phosphoryl group transfer, by E. G. Krebs et al. on the activation and in- 
activation of muscle phosphorylase, by B. L. Horecker et al. on a new phosphorolytic mechanism for the cleavage 
of pentose phosphate and a very interesting communication by Sanae Mii— a co-worker of S, Ochoa — on the puri- 
fication and properties of a polynucleotide phosphorylase of Azotobacter. The mechanism of sulfate activation and 
transfer was discussed in a paper by F. Lipmann published in the collected papers of the Symposium, the author 
being unable to attend, 


The communications of B. Spencer, R. S. Bandurski and K. Meyer et al, dealt with arylsulfatase, sulfurylase 
and the enzymatic breakdown of sulfated mucopolysaccharides, respectively. 
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In a paper entitled "The Enzymatic Formation of Methyl Donors and Transmethylation," F. Schlenk gave an 
interesting review of the work carried out in his laboratory, Papers by H. Katagiri, K. Girl, A. Benson and H. 
Kalckar dealt with the role of transferases and other enzymes in the metabolism and biosynthesis of carbohydrates, 
F, Dickens presented some interesting results dealing with metabolic reactions of hydroxypyruvate, and F, Lynen 
reported the results of his recent experiments on the possible role of branched carboxylic acids in the biosynthesis 
of polyisoprenoid compounds in yeast. The papers by D, Shemin and C. Rimington dealt with the enzymatic syn- 
thesis of porphyrins. The paper by V. A. Engel'gardt, entitled "Enzymes as Structural Elements of Physiological 
Mechanisms,” was also read in Topic 1. 


A number of papers in Topic 2dealt with dehydrogenases and hydrogenases. This group included papers 
by H. Kubo et al., and also by S. Mizushima and K, Izaki, on glutamic dehydrogenase, by T. P. Singer and by 
E, B. Kearney on the mechanisms of succinate oxidation, by D, Rittenberg on some properties of hydrogenase, 
by M. Doudoroff et al. on galactose and d-arabinose dehydrogenases of Pseudomonas saccharophila, by C. Villee 
and D, Hagerman on the estradiol-sensitive isocitric dehydrogenase of the human placenta, and by H, Beinert on 
acyl dehydrogenases. The papers by M. Ishimoto et al., and by K. Okunuki et al., dealt with some new data on 
the role of cytochrome in the enzymatic reactions concerned with sulfate reduction in bacteria, and with some 
studies on the cytochrome system, respectively. A largenumber _ of the papers in Topic 2 were devoted to 
oxidation-reduction processes in mitochondria. Various aspects of this problem were discussed by D. Green, B. 
Chance, E. Slater and A. Leninger. New data on the enzymatic electron transfer to nitrate, nitrite and hydroxyl- 
amine were presented by F. Egami et al., and by L. Vernon. 


The communications of A. G. Pasynskii "Enzymatic Reactions in Steady Open Systems,” and by A. A, Kras- 
novskii "Chlorophyll Participation in the Photochemical Hydrogen (Electron) Transfer" were also published in the 
second topic of the collected papers of the Symposium, 


Communications in Topic 3 were largely concerned with enzyme formation generally and adaptive enzyme 
formation in particular, This subject was dealt with in the papers by I. Rychlik and F. ¥Yorm, by M. Nomura et al., 
by J. Fukumoto et al,, by M. Suda et al., by M. Pollock, by T. Yura, by M. Florkin and by W. Knox. A review 
article by J. Brachet dealt with the known results obtained in his laboratory on the effect of ribonuclease on the 
enzymatic activity of living cells. Cl. Fromageot and P, Jolles communicated the recent results on the structure 
and composition of certain lysozymes., The latest data on the characteristics of some proteolytic enzymes were 
presented by P, Desnuelle and M. Rovery, and also by A, Balls et al, A number of communications, presented in 
Topic 3, dealt with the role of nucleic acids and of the structural protoplastic components in protein synthesis, 
This group included papers by T. Peters, by Y. Miura et al., by Y. Tashiro et al., as well as the communications 
by A. I. Oparin on the activity of enzymes in coacervate drips, and by N, M. Sisakian on peptide bond synthesis 
in the structural elements of the cell. 


Topic 4 included a number of communications dealing with enzyme formation in bacteria: by K, Kitahara 
et al., on the lactic acid racemase formation in lactic acid bacteria, by I. Fukomoto et al., on the effect of various 
factors on the formation of amylase and protease in Bacillus subtilis, by F. Yoshida and M. Nagasawa, on the pro- 
teolytic enzymes of black Aspergilli, and by R. V. Feniksova, on the physiology of Aspergillus oryzae nutrition 
with respect to formation of active amylase. 


Experimental results, dealing with glutamic acid biosynthesis in some bacteria, were presented by S. Kino- 
shita et al.; a paper by V. L. Kretovich dealt with certain new data on glutamic acid and phenylalanine biosyn- 
thesis in higher plants. S. Ose and I. Hironaka reported a new method for the production of phenylacetylcarbinol 
by fermentation, L. Underkofler spoke about the properties and application of the fungal enzyme, glucose oxidase, 
and J, de Clerk reported a new method for the determination of the proteolytic activity of malt in the production 
of beer. 


A number of papers in Topic 4 dealt with vitamins, Thus, B, Guha et al. presented data on an enzyme sys- 
tem involved in the biosynthesis of ascorbic acid by animal tissues in vitro; D. Gray and S. Loh reported on the 
effect of a-tocopherylacetate on some plasma lipids of human subjects, while V. N, Bukin and L. Ia, Areshkina 
reported on the complexes of vitamin D and the sterols in plasma. A paper by J. H. Quastel on the enzymatic 
basis of drug action was also presented in this section. 


During the closing session, the participants in the Symposium heard the special lectures, by F, Lynen "Phos- 


phate Cycle and the Pasteur Effect," and by V, A. Engel'gardt "The Enzymology and Mechanochemistry of Tissues 
and Cells," 
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It is not possible to present here, even in the briefest form, the contents of all the communications presented 
at the Symposium, nor have they all been listed, It should be mentioned that many speakers presented quite inter- 
esting new material. A considerable proportion of papers presented were in the form of reviews of the work of the 
given worker and his collaborators. 


After the conclusion of the Symposium on enzyme chemistry, the Japanese scientists took advantage of the 
presence of the large number of overseas biochemi{sts in Japan and organized a number of topical symposia in 
other Japanese cities, There were symposia on amino acids, on amylases and on vitamins, The papers presented 
on the symposium on amylases were collected in a separate booklet. There was also a special session on muscle 
biochemistry, in which V, A. Engel'gardt and M. N. Liubimova presented papers. 


What were our general impressions on the state of biochemistry in Japan ? 


One must, first of all, remark on the high level of biochemistry in Japan, This is particularly true of pre- 
parative biochemistry and bacterial biochemistry. In recent years Japanese biochemists have obtained a number 
of enzymes, cofactors and proteins in the crystalline form and developed detailed methods for their isolation, 
The high level of microbial biochemistry resulted from the wide practical application of fungi and bacteria in 
industry — in the production of alcohol, soybean sauces, sake, sodium glutamate, ascorbic acid, antibiotics and 
various pharmaceutical preparations. 


A very characteristic feature of the development of biological science in modern Japan {s the fact that 
literally all research, carried out in one or other institute, is permeated with biochemistry. For instance, the 
study of root nutrition, or fungal diseases, of rice, or of problems in animal nutrition, carried out in the Central 
Agricultural Research Institute, is based primarily on study of biochemical laws. Similarly, the work in the Nu- 
trition Institute at Kyoto University, concerned with the study of photosynthesis is deeply permeated with bio- 
chemistry. 


The Japanese biochemists are united in the Biochemical Society, which celebrated its 25th anniversary in 
1955, The society issues two special biochemical journals; the Journal of Biochemistry, Tokyo, which appears 
in English and German, and the Journal of the Japanese Biochemical Society (Seikagaku), which appears in Japa- 
nese, A large number of other articles, dealing with various biochemical topics, are printed in journals, such as 
Vitamins, Antibiotics, Journal of the Japanese Society of Agricultural Chemistry and a number of other journals, 
appearing in Japanese. 


One must remark on the precise and good organization of the work of all Symposia. All papers given in 
the various sessions were printed beforehand. The papers were printed separately as manuscripts were being re- 
ceived by the organizing committee. Thus, at the start of the session each participant received the texts of all 
communications, which were collected by means of a special binder into a thick volume, from which, if necessary, 
each paper could be extracted without difficulty. 


The same excellence marked the organization of the technical aspect of the symposia — the projection of 
slides, the broadcast of papers by public address system, the printing of all kinds of information, the notification 
of participants about any changes in the programs of sessions, etc, 


The Club of the Tokyo University, where the first half of the Symposium took place, housed within its pre- 
mises an exhibition of various Japanese-made biochemical laboratory equipment, preparations of enzymes, vita- 
mins and antibiotics and other compounds, as well as biochemical literature recently published in Japan, 


One cannot fail to notice the high level of precision instrument-making, and of the pharmaceutical and 
biochemical industries in Japan. The overwhelming proportion of the equipment which we have seen during our 
visits to the various Japanese biochemical and microbiological laboratories — optical equipment, centrifuges, 
fraction collectors, electrophoresis apparatus, etc. — were Japanese-made, The manufacture of various enzymatic 
preparations for research, industrial and medical purposes is highly developed; in particular, a number of firms 
produce crystalline amylase preparations and proteases of a high degree of purity. 


An idea of the scale of the Japanese pharmaceutical industry can be gained from our experiences from the 
visits to the factories of the firms "Takeda" in Osaka, "Sankyo" in Tokyo and "Ajinomoto" in Kawasaki, The fac- 
tory "Takeda" is a very large modern enterprise, employing 2500 workers. The unit producing ascorbic acid occu- 
piesa separate building within the grounds; it is fully automatic and is controlled by an engineer on duty, sitting 
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in the control-panel room, Two research institutions are attached to the factory. One houses 160 employees 
engaged in research, preparation and testing of new pharmaceuticals. The other, known as the Fermentation 
Institute, houses 80 workers engaged in research into new microbiological methods for the production of anti- 
biotics, vitamins, enzymes, organic acids and other compounds, 


The factory "Sankyo" produces various enzymatic preparations — fungal amylase (mainly for medical uses), 
crystalline bacterial amylases and proteases. The factory also has a research institute working on new produc- 
tion methods and applications of enzymatic preparations. 


The factory of the firm “Ajinomoto” is the largest food-technological undertaking in Japan, It produces 
monthly about 800 tons of sodium glutamate, widely used in Japan and abroad as a food additive (flavoring), 
3000-4000 tons of wheat starch and a large quantity of soybean sauces, prepared by the acid hydrolysis of the 
soybean grist. 


During their stay in Japan the members of the Soviet delegation visited a large number of research and 
teaching institutions. Thus, we visited the Nutrition Institute in Kyoto University, The Institute has five ordinary 
and five adjunct professors. It has ten departments, including: nutritional chemistry, chemistry of marine 
products, amino acid chemistry, protein nutrition, plant nutrition, food technology and protein chemistry, It 
should be added that the Japanese research institutions, with rare exceptions, have all the necessary means for 
modern biochemical research; apparatus for chromatographic analysis on columns, electrophoresis equipment, 
ultracentrifuges, countercurrent distribution apparatus, refrigerated centrifuges, various spectrometers, electron- 
microscopes, 


In Osaka University we visited the department of Professor S, Akabori, where work is being carried out on 
the amino acid composition and structure of taka-diastase. Throughout the department there is wide application 
of high-voltage electrophoresis and the countercurrent distribution technique according to Craig, which allows 
good separation of peptides. K. Okunuki, engaged in the study of cytochromes from various sources also works 
in the same department. 


We also visited the Science faculty of the Nagoya University, The head of the Biochemistry department 
there is Prof. F. Egami who is engaged in research on the metabolism of salt-tolerant bacteria and on the enzy- 
mology of bacterial reduction of nitrates, The chair of physiology in Tokyo University is held by the young pro- 
fessor Tamiya who, with a group of young workers, is engaged mainly in research into the biochemistry of photo- 
synthesis. 


From the point of view of general organization and equipment, the Institute of Applied Microbiology at the 
Tokyo University rates as the most modern of all institutions visited by us in Japan. It was built only four years 
ago under the direction of Professor K, Sakaguchi. Everything here has been thought out to the highest degree: 
laboratory layout, the construction of laboratory benches, their coating, etc, There is a special laboratory for {so- 
tope work, equipped with special high-power fume cupboard. The institute includes a pilot-scale experimental 
brewery for the study of brewing technology. The institute is equipped with all the necessary equipment, includ- 
ing a Spinco ultracentrifuge and preparatory electrophoresis apparatus, 


At the Nutrition and Food Technology Institute of the Ministry for Agriculture in Tokyo, we were greatly 
impressed by the department of Physiology and the Animal House, which is excellently equipped. The animals 
are held in an air-conditioned space — with temperature and humidity automatically controlled. 


The Central Institute for Agricultural Research is housed in Tokyo. It is a very large Institute which has a 
number of provincial divisions and experimental stations, Included in the Institute is a department of Plant Bio- 
chemistry, one of Animal Biochemistry and a special Isotope Department. 


The Soviet delegation enjoyed great popularity in Japan, both among the delegates to the Symposium and 
among a wide section of the Japanese intelligentia and student youth. Each member of the delegation established 
personal contacts with many Japanese and foreign scientists participating in the Symposium, We have received 
numerous invitations from various Japanese scientific and civic organizations to appear before them with addresses 
or lectures, or to take part in one or other meeting. Delegation members in Tokyo, Kyoto, Osaka or Nagoya have 
given a number of lectures and seminars on purely scientific topics, as well as on the principles of organization 
of Soviet science, 
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One should like to add in conclusion, that the Soviet delegation was welcomed by the Japanese scientists 
with exceptional cordiality and hospitality, The Japanese scientists dic all in their power in order to not only 
organize the Symposium itself most excellently, but also to acquaint us with the culture, sclence and industry of 
their country, 


We have no doubt that the friendly contacts, established between the Japanese and Soviet scientists, first 
during the visit of A. I. Oparin to the celebration of the Japanese Biochemical Society's Silver Jubilee in 1955, 
then during the Moscow Symposium on the Origin of Life and, finally, during the Symposium on Enzyme Chemistry 
in Tokyo and Kyoto, will continue to widen and expand further, 


V. L. Kretovich 
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REVIEW 


V. L. Kretovich. The Basis of Plant Biochemistry, Second Edition, Editor Academician A, I, Oparin, 
"Soviet Science,” (Moscow, 1946), 498 pp. 


The first edition of the book,The Basis of Plant Biochemistry,by Prof. V. L. Kretovich appeared in 1952. 
In the four years since its appearance this text book proved to be quite satisfactory for students in the prepara- 
tion for the plant biochemistry examinations. This book has, undoubtedly, been widely used also in the prepara- 


tion for a pass in the candidate's minimum. The book to be reviewed has, therefore, a good record of four years' 
standing. 


It should be mentioned that The Basis of Plant Chemistry by V. L. Kretovich has been translated into Chinese, 
Polish, Czech and Japanese. This book was awarded the A. N, Bakh premium in 1957, 


The second edition of this text book by V. L. Kretovich has preserved the original convenient volume, The 
book includes all the essentials, and lacks the superfluous details, which cause difficulties in grasping the subject, 
particularly in the first terms, Its contents correspond with the demands of the course in plant biochemistry. 


There is no need to describe in detail in this review the contents of the book and ute distribution of the 
material in it. This has already been done in a substantial and satisfactory review by Prof. S. M. Prokoshev (Bio- 
khimifa 18, 254, 1953), when the first edition appeared. 


The book has been creatively revised by the author in the preparation of the second edition, A number of 
latest developments, in biochemistry generally and in plant biochemistry in particular, have been introduced into 
the text. Certain particulars have been elaborated upon, a number of second-rate details have been rejected and 
many errors corrected, 


The reviewer wishes to express certain suggestions which, he hopes, may be taken into consideration when 
the next edition if this text book is prepared, In accordance with an established tradition, the author has not de- 
voted sufficient attention to nucleic acids. Because of its great importance in the processes of life, this group of 
compounds is attracting an increasing amount of attention, The presentation of the modern concepts of coenzyme 
A and of its importance in metabolism is very condensed and there is no discussion of the various reactions in 
which it participates, It would be desirable to have more detail on phosphatide chemistry, with references to the 
corresponding formulas of lecithins and cephalins, It is of great importance to present the acetalphosphatides 
(plasmalogens) — substances whose structure has been decoded, and which are a constituent of both the animal 
and plant cell, The same chapter should also contain a section on inositol phosphatides. 


There are reasons to believe that the text book would be much improved if the author continued in his task 
of eliminating from the book a number of small and fractional problems, mainly in the field of technical bio- 
chemistry. It would also be desirable to eliminate from the literature cited many works of a specialized nature, 
to which occasional reference is made, and to concentrate on references to monographs and review articles. An 


advantage would, perhaps, also be gained by widening the scope of the chemical references with regard to com- 
pounds of importance in biochemistry. 


The text book of Prof. V. L. Kretovich does not require special recommendation, since four years' experience 
has shown that this aid is fully suitable for its purpose. 


A. N. Belozerskit 
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NOTICE 


THE ACADEMY OF SCIENCE OF THE UNION OF SOVIET SOCIALIST REPUBLICS 


Division of Blological Sciences 


COMPETITIONS FOR THE AWARD OF GOLD MEDALS AND OF MEMORIAL PRIZES OF THE 
USSR ACADEMY OF SCYENCE FOR 1958 


The Division of Biological Sciences, USSR Academy of Science wishes to announce the following competi- 
tions, to be held in 1958: 


a) for the award of the I. P. Pavlov gold medal, for a collection of works in the furtherance of the learnings 
of I. P. Pavlov; 


b) for the award of Memorial Prizes: 
1. The V. V. Dokuchaev Memorial Prize, valued at 20,000 rubles, awarded for outstanding research on soil. 


2. The K. A. Timiriazev Memorial Prize, valued at 20,000 rubles, awarded for the best work in the fields 
of plant phystology and general biology. 


3. The A, O. Kovalevskii Memorial Prize, valued at 10,000 rubles, awarded for the best work in the fields 
of general, comparative, descriptive and experimental embryology of vertebrates and invertebrates. 


The competitions are open to Soviet scientists only. 


The competition for the award of the I, P, Pavlov gold medal is open only to individuals for personal entry. 


The competitions for the award of the Memorial Prizes may be entered both by individuals and by author 
teams, 


Entries for the competitions for the gold medal and for the Memorial Prizes may be submitted by learned 


societies, research institutions, and by honorary members, active members and corresponding members of the USSR 
Academy of Science. 


Only published works may be submitted in the competition. 


Entries for the competition for the award of the gold medal and the Memorial Prizes should be submitted 
to the Division of Biological Sciences, USSR Academy of Science (14 Kaluzhskaia Str., Moscow B), in any lan- 
guage, in three copies, marked "For the competition in the award of the . . . medal (Memorial Prize)," 


The following should be attached to the entry: 

a) the author's abstract of the scientific work, no more than 0.25 avt* pagé; 

b) details of the examination by the scientific society of the work presented; 

c) short biographical notes concerning the author(s) with a list of scientific publications and inventions. 


The final date for the submission of entries to the competition for the award of the gold medal and the 
Memorial Prizes is July 1st, 1958. 


Division of Biological Sciences, USSR Academy of 
Science 


* As in original. 
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THE JOURNAL OF BIOCHEMISTRY OF THE USSR 


VOLUME 23, NUMBER 2 MARCH-APRIL, 1958 


CONTENTS 


A Method for Determining Small Amounts of Glucose in the Presence of Large Amounts 
of Lactose. K. I. Evstratova ... 181 


Transformations of Uric Acid by some Fungi. F. T. Sukhenko and E. S. Podgainaia...... 185 
Ribonucleic Acid Phosphorus Turnover and Protein Synthesis, L. E. Toliushis.......... 194 


The Distribution of Lipids Between the Cell Membrane and Other Component Parts of the 
Cell in Diphtheria Microbes. E. K, Alimova (Lubenets), . rere 205 


The Purification of Diamine Oxidase by Electrophoresis, V. D, Uspenskaia and E, V. Goria- 
chenkova (with Z, G, Mogilevskaia and V. P. Poliakov).. 212 


Physicochemical Properties of Albomycin, G, V. Samsonov, L. V. Dmitrienko, A. G, Sirota, 
M. P. Shesterikova and S. F. Lavrent’*eva ... 220 


A Study of the Mechanism of the Inhibiting Action of Urea on Thiol Enzymes as Exemplified 
by Monoamine Oxidase. B. N. Manukhin. 225 


Biotin Deficiency and the Induction of Increased Tryptophan Peroxidase Activity in the 
Rat Liver. A. A. Poznanskafa 230 


Ribonuclease of C. diphtheriae. M. V. Smirnova and E, M, Karaseva.... 234 


Aspects of Quantitative Determination of Vitamin By, in Blood Serum Using E. coli, L. A. 
Mat and L. 1. ewes awe 237 


Sulfhydryl Group Content of Protein Fractions of Rat Serum and Liver, A. V. Aziavchik... 244 


The Synthesis of Phenylalanine from Phenylpyruvic Acid in Homogenates from Pea Seed- 
lings, V. L, Kretovich and Zh, V. Uspenskafa 248 


Data on the Formation of Polyphosphates in Yeast Cells. E. Bukhovich and A. N, Belozer- 


Liver a-1,6-Dextranglucosidase. I. S. Lukomskaia and E. L. 261 


The Reactions of Catechins in Tea Leaves Under the Influence of High Temperature. M. A. 
Bokuchava, G. A. Soboleva and A. M. Kniazeva 266 


The Sulfhydryl Groups of Myosin Adenosine Triphosphatase, B. F. Poglazov, V. Bilushi and 
. . . . eee eee 269 


Sedimentation and Diffusion of a- and 8 -Components of Procollagen and Their Quantitative 
Ratio in This Protein. V. N, Orekhovich and V, O. 286 


Sulfanilamide Acetylation as a Means of Coenzyme A Assay in Higher Plants, A. R. Guseva 
and M. G. Borikhina & 6.6.8 &. 2/6 . 8 € 68 6.9 272 291 
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An Apparatus for Desalting Amino Acid Solutions, D. I. Semenov... ....eeeeeseee 

Extractable Nitrogenous Substances in Muscle in the Course of Ontogenesis, P. L., Vul'fson 

Enzymatic Synthesis of Ribopolynucleotides. M, V. 

Nitrogenous Bases Isolated from Deaminase Preparations. M. N, Liubimova and F. S, Fain . 

Discussion 
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ABBREVIATIONS MOST FREQUENTLY ENCOUNTERED 


IN RUSSIAN BIO-SCIENCES LITERATURE 


Abbreviation 
(Transliterated) 


AMN_ SSSR 
AN SSSR 
BIN 

rT! 
GONTI 
GOST 
GRRRI 
GITtr 
GU 
IKhN 
IL (IIL) 
IONKh 
IP 

ISN (Izd. Sov. Nauk) 
Izd. 
LEM 
LENDVI 
LEO 
LIKhT 
LIPZ 
LIPK 
Medgiz 
MOPISh 
MVI 
MZdrav 
MZI 
LOKhO 
NIIZ 
NINKhI 
NIU 
NIUIF 
NIVI 
ONTI 
OTI 
RBO 
ROP 
SANIIRI 
SANIISh 
TsNII 
TsNTL 
VASKhNIL 
VIG 
VIEM 
VIR 
VIUAA 
VIZR 
VNIRO 
ZIN 


Significance 


Academy of Medical Sciences, USSR 

Academy of Sciences, USSR 

Biological Institute, Botanical Institute 

Institute of Physiotherapy 

State United Sci-Tech Press 

All Union State Standard 

State Roentgenology, Radiology, and Cancer Institute 
State Technical and Theoretical Literature Press 

State University 

Scientific Research Institute of Surgical Neuropathology 
Foreign Literature Press 

Inst. Gen. and Inorganic Chemistry (N. S. Kurnakov) 

Soil Science Inst. (Acad. Sci. USSR) 

Soviet Science Press 

Press 

Laboratory for experimental morphogenesis 

Leningrad Inst. of Dermatology and Venereology 
Laboratory of Experimental Zoology 

Leningrad Surgical Institute for Tuberculosis and Bone and Joint Diseases 
Leningrad Inst. for Study of Occupational Diseases 
Leningrad Blood Transfusion Institute 

State Medical Literature Press 

Moscow Society of Apiculture and Sericulture 

Moscow Veterinary Institute 

Ministry of Health 

Moscow Zootechnical Institute 

Leningrad Society of Orthopedic Surgeons 

Scientific Research Institute of Zoology 

Scientific Research Institute of Neurosurgery 

Scientific Institute for F ertilizers 

Scientific Research Institute of Fertilizers and Insecticides 
Veterinary Scientific Research Institute 

United Sci. Tech, Press 

Division of Technical Information 

Russian Botanical Society 

Russian Society of Pathologists 

Central Asia Scientific Research Institute of Irrigation 
Central Asia Scientific Research Institute of Sericulture 
All-Union Central Scientific Research Institute 

Central Scientific and Technical Laboratory 

All-Union Academy of Agricultural Sciences 

All-Union Institute of Helminthology 

All-Union Institute of Experimental Medicine 

All-Union Institute of Plant Cultivation 

All-Union Institute of Fertilizers, Soil Science, and Agricultural Engineering 
All-Union Institute of Medical and Pharmaceutical Herbs 
All-Union Scientific Institute of Fishing and Oceanography 
Zoological Inst. (Acad. Sci. USSR) 


Notes: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us, ~ Publisher, 
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RUSSIAN JOURNALS FREQUENTLY CITED 


Abbreviation* 
Agrobiol, 

Akusherstvo i Ginekol. 
Antibiotiki 

Aptechnoe Delo 

Arkh, Anat. Gistol, i Embriol, 


Arkh, Biol, Nauk SSSR 

Arkh, Patol. 

Biofizika 

Biokhimiia 

Biokhim, Plodov i Ovoshchei 
Bot, Zhur, 

Biull, Eksptl. Biol. i Med. 


Biull, Moskov, Obshchestva Ispytatelei 
Prirody, Otdel Biol, 

Doklady Akad, Nauk SSSR 

Eksptl, Khirurg. 

Farmakol. i Toksikol, 

Farmatsiia 

Fiziol, Rastenii 

Fiziol, Zhur, SSSR 


Gigiena i Sanit. 
Izvest. Akad. Nauk SSSR, Ser. Biol. 


Izvest, Tikhookeanskogo N, I. Inst. 
Rybnogo Khoz, i Okeanog. 

Khirurgiia 

Klin. Med. 

Lab. Delo 

Med, Parazitol. 

Med, Radiol, 

Med, Zhur, Ukrain, 

Mikrobiologiia 

Mikrobiol, Zhur, 

Nevropatol., Psikhiat, i Psikhogig. 

Ortoped., Travmatol, i Protez. 

Parazitol, Sbornik 

Pediatriia 

Pochvovedenie 

Priroda 

Problemy Endokrinol. i Gormonoterap. 


Problemy Gematol. 


Problemy Tuberk, 
Sovet, Med. 

Sovet, Vrachebny Zhur, 
Stomatologiia 

Terap. Arkh, 

Trudy Gelmint, Lab, 
Trudy Inst, Genet, 


[Biological Sciences | 


Journal* 


Agrobiologiia 

Akusherstvo i Ginekologiia 

Antibiotiki 

Aptechnoe Delo 

Arkhiv Anatomii Gistologii i Embriologii 


Arkhiv Biologicheskikh Nauk SSSR 

Arkhiv Patologii 

Biofizika 

Biokhimiia 

Biokhimiia Plodov i Ovoshchei 

Botanicheskii Zhurnal 

Biulleten Eksperimentalnoi Biologii i Meditsiny 


Biulleten Moskovskogo Obshchestva Ispytatelei 
Prirody, Otdel Biologicheskii 

Doklady Akademii Nauk SSSR 

Eksperimentalnaia Khirurgiia 

Farmakologiia i Toksikologiia 

Farmatsiia 

Fiziologiia Rastenii 

Fiziologicheskii Zhurnal SSSR im. I. M. 
Sechenova 

Gigiena i Sanitariia 

Izvestiia Akademii Nauk SSSR, Seriia Biologi- 
cheskaia 

Investiia Tikhookeanskogo N, I, Instituta 
Rybnogo Khoziaistva i Okeanografii 

Khirurgiia 

Klinicheskaia Meditsina 

Laboratornoe Delo(po Voprosam Meditsiny) 

Meditsinskaia Parazitologiia i Parazitarnye Bolezni 

Meditsinskaia Radiologiia 

Medichnii Zhurnal Ukrainskii 

Mikrobiologiia 

Mikrobiologichnii Zhurnal 

Nevropatologiia, Psikhiatriia i Psikhogigiena 

Ortopediia, Travmatologiia i Protezirovanie 

Parazitologicheskii Sbornik 

Pediatriia 

Pochvovedenie 

Priroda 

Problemy Endokrinologii i Gormonoterapii 


Problemy Gematologii i Perelivaniia Krovi 


Problemy Tuberkuleza 

Sovetskaia Meditsina 

Sovetskii Vrache bnyi Zhurnal 
Stomatologiia 

Terapevticheskii Arkhiv 

Trudy Gelmintologicheskoi Laboratoriia 
Trudy Instituta Genetiki 


* LIBRARY OF CONGRESS TRANSLITERATION SYSTEM. 


Translation 


Agrobiology 

Obstetrics and Gynecology 

Antibiotics 

Pharmaceutical Transactions 

Archives of Anatomy, Histology, and 
Embryology 

Archives of Biological Science USSR 

Archives of Pathology 

Biophysics 

Biochemistry 

Biochemistry of Fruits and Vegetables 

Journal of Botany 

Bulletin of Experimental Biology and 
Medicine 

Bulletin of the Moscow Naturalists Society, 
Division of Biology 

Proceedings of the Academy of Sciences USSR 

Experimental Surgery 

Pharmacology and Toxicology 

Pharmacy 

Plant Physiology 

I. M. Sechenova Physiology Journal USSR 


Hygiene and Sanitation 

Bulletin of the Academy of Sciences USSR, 
Biology Series 

Bulletin of the Pacific Ocean Scientific 
Institute of Fisheries and Oceanography 

Surgery 

Clinical Medicine 

Laboratory Work (on Medical Problems) 

Medical Parasitology and Parasitic Diseases 

Medical Radiology 

Ukrainian Medical Journal 

Microbiology 

Microbiology Journal 

Neuropathology, Psychiatry and Psychohygiene 

Orthopedics, Traumatology and Prosthetics 

Parasitology Collection 

Pediatrics 

Soil Science 

Nature 

Problems of Endocrinology and Hormone 
Therapy 

Problems of Hematology and Blood Trans- 
fusion 

Problems of Tuberculosis 

Soviet Medicine 

Soviet Physicians Journals 

Stomatology 

Therapeutic Archives 

Transactions of the Helminthology Laboratory 

Transactions of the Institute of Genetics 
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(continued) 
Abbreviation 


Trudy Inst. Gidrobiol. 
Trudy Inst. Mikrobiol, 
Trudy Inst, Okean, 


Trudy Leningrad Obshchestva Estestvoisp. 
Trudy Vsesoiuz, Gidrobiol, Obshchestva 
Trudy Vsesoiuz, Inst, Eksptl. Med, 


Ukrain, Biokhim, Zhur, 
Urologiia 

Uspekhi Biokhimiia 

Uspekhi Sovremennoi Biol, 
Vestnik Akad, Med, Nauk SSSR 


Vestnik Khirurg. im. Grekova 
Vestnik Leningrad, Univ, Ser. Biol, 


Vestnik Moskov. Univ., Ser. Biol. i 
Pochvov, 

Vestnik Oftalmol. 

Vestnik Oto-rino-laringol, 

Vestnik Rentgenol, i Radiol. 

Vestnik Venerol, i Dermatol, 

Veterinariia 

Vinodelie i Vinogradarstvo 

Voprosy Klin, 

Voprosy Med, Khim, 

Voprosy Med. Virusol, 

Voprosy Neirokhirurg. 

Voprosy Onkol, 

Voprosy Pitaniia 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrache bnoe Delo 

Zav. Lab, 

Zhur. Mikrobiol., Epidemiol. i 
Immunobiol, 

Zhur. Nevropatol. i Psikhiat, 


Zhur. Obshchei Biol, 
Zhur. Vysshei Nerv, Deiatel, 


Zool, Zhur. 


Journal 


Trudy Instituta Gidrobiologiia 

Trudy Instituta Mikrobiologiia 

Trudy Instituta Okeanologiia, Akademii Nauk 
SSSR 

Trudy Leningrad Obshchestva Estestvoispytatelei 


Trudy Vsesoiuznogo Gidrobiologicheskogo 
Obshchestva 

Trudy Vsesoiuznogo Instituta Eksperimentalnoi 
Meditsiny 

Ukrainskii Biokhimichnii Zhurnal 

Urologiia 

Uspekhi Biokhimiia 

Uspekhi Sovremennoi Biologiia 

Vestnik Akademii Meditsinskikh Nauk SSSR 


Vestnik Khirurgii imeni Grekova 

Vestnik Leningradskogo Universiteta, Seriia 
Biologii 

Vestnik Moskovskogo Universiteta, Seriia 
Biologii i Pochvovedeniia 

Vestnik Oftalmologii 

Vestnik Oto-rino-laringologiia 

Vestnik Rentgenologii i Radiologii 

Vestnik Venerologii i Dermatologii 

Veterinariia 

Vinodelie i Vinogradarstvo SSSR 

Voprosy Klinicheskie 

Voprosy Meditsinskoi Khimii 

Voprosy Meditsinskoi Virusologii 

Voprosy Neirokhirugii 

Voprosy Onkologii 

Voprosy Pitaniia 

Voprosy Psikhologii 

Voprosy Virusologii 

Vrachebnoe Delo 

Zavodskaia Laboratoriia 

Zhurnal Mikrobiologii, Epidemiologii i 
Immunobiologii 

Zhurnal Nevropatologii i Psikhiatrii imeni 
S. S. Korsakov 

Zhurnal Obshchei Biologiia 

Zhurnal Vysshei Nervnoi Deiatelnosti imeni 
I, P. Pavlova 

Zoologicheskii Zhurnal 


Translation 


Transactions of the Institute of Hydrobiology 

Transactions of the Institute of Microbiology 

Transactions of the Institute of Oceanology, 
Academy of Sciences, USSR 

Transactions of the Leningrad Society of 
Naturalists 

Transactions of the All-Union Hydrobiological 
Society 

Transactions of the All-Union Institute of 
Experimental Medicine 

Ukrainian Biochemical Journal 

Urology 

Progress in Biochemistry 

Progress in Contemporary Biology 

Bulletin of the Academy of Medical Science 
USSR 

Grekov Bulletin of Surgery 

Journal of the Leningrad Univ., Biology Series 


Bulletin of the Moscow University, Biology and 
Soil Science Series 

Bulletin of Ophthalmology 

Bulletin of Otorhinolaryngology 

Bulletin of Roentgenology and Radiology 

Bulletin of Venereology and Dermatology 

Veterinary Science 

Wine-Making and Viticulture 

Clinical Problems 

Problem. of Medical Chemistry 

Problems of Medical Virology 

Problems of Neurosurgery 

Problems of Oncology 

Problems of Nutrition 

Problems of Psychology 

Problems of Virology 

Medical Profession 

Factory Laboratory 

Journal of Microbiology, Epidemiology, and 
Immunobiology 

S. S. Korsakov Journal of Neuropathology and 
Psychiatry 

Journal of General Biology 

I. P. Pavlov Journal of Higher Nervous 
Activity 

Journal of Zoology 
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The Quarterly Review of Biology 


Editor: B. H. Willier 
Associate Editor: H. Bentley Glass 


Assistant Editor: Carl P. Swanson 


The Quarterly Review of Biology publishes critical reviews of 
recent research in all of the special fields of biological science. 
Theoretical papers are published occasionally, especially when 
such papers include a critical synthesis of the literature bear- 
ing on the theory and are likely to promote further research 
in a given field. Another feature of the Quarterly Review is the 
section dealing with New Biological Books, including those of 
different countries. 


The Quarterly Review of Biology is now owned and published by 
the American Institute of Biological Sciences and is issued in 
March, June, September and December. 


Subscription Rates: $7.50 per year. 


To members of AIBS Member Societies and Individual 


Members of the Institute: $6.50 per year 


All inquiries and subscription orders should be addressed to: 


AMERICAN INSTITUTE OF BIOLOGICAL SCIENCES 
2000 P Street, N.W., Washington 6, D. C. 
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How do you keep posted on your 
literature that is scattered in thousands 
of journals throughout the world? 


| Abstracts 


ican help you 


shed ee coopera 
a individes! piotogice! and piclogical journals. 


e From 800 to 1,300 abstracts of biochemical interest appear monthly. 


e Because there are biochemical implications in much of the literature in 
various fields of biology, Biochemistry is treated as an integral part of 
the science of biology, and abstracts appear under their appropriate sub- 


ject headings. The papers are abstracted by biologists from the point of 
view of the biologist rather than the chemist. 


eA Subject Finder List, published in every edition of Biological Abstracts, 
enables one to scan quickly the significant contributions of particular in- 
terest to biochemists. 


eBiological Abstracts, a cooperative, non-profit abstracting and indexing 
service, is published monthly in a complete edition and five low-priced 
sectional editions that are specially designed for individual use. 


e Large discounts are offered to non-profit educational institutions and 
individuals. 


Sample copies and complete information 
will be sent upon request 


BIOLOGICAL ABSTRACTS, University of Pennsylvania 
3815 Walnut Street, Philadelphia 4, Pa. 
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